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PREFACE. 


^HIS  volume  is  tlie  result  of  an  attempt  to  revise 

the  author’s  Manual  for  District  and  Municipal 
Boards,  a manual,  which  has,  for  some  years,  been 
out  of  print ; early  in  the  attempt  it  was  realized 
that  something  beyond  mere  revision  was  desirable  ; 
so  much  more  information  on  sanitary  matters  was 
available,  so  much  more  knowledge  had  been  gained, 
that  it  was  decided  not  only  to  revise,  but  to  re- 
arrange the  whole  work.  Some  chapters  have  been 
re-written  from  beginning  to  end ; some  partially 
so,  but  none  remain  without  revision  and  much  fresh 
matter  added  to  them. 

The  work,  as  it  now  stands,  appeals,  perhaps,  to  a 
wider  range  of  readers,  than  it  could,  in  its  original 
form,  have  pretended  to  reach ; hence  its  altered 
title.  While  still  suitable  for  those  engaged  non- 
professionally  in  Local  and  Municipal  government,  it 
will  be  found  that  it  contains  a class  of  information 
which,  it  is  trusted,  will  render  it  more  acceptable 
to  the  author’s  professional  brethren,  and  perhaps 
also  to  those  officers  of  the  medical  profession, 
whose  duties  include  the  sanitary  care  of  districts 
and  towns,  many  of  whom,  no  doubt,  ha^e  felt  the 
want  of  a work  devoted  entirely  to  those  subjects 
in  which  engineering  and  sanitary  knowledge  form 
a necessary  combination. 
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PREFACE. 


The  preparation  of  the  volume  has  been  a labour 
of  love ; if  it  assists  those  indicated  above,  even  to 
a small  extent,  in  the  execution  of  their  duties,  the 
author  will  feel  that  his  effort  has  not  been  in  vain. 
The  volume  has,  no  doubt,  many  imperfections,  but 
it  is  hoped  that  these  are  not  such  as  will  prevent 
its  sanitary  mission  being  in  some  small  measure 
fulfilled. 

The  author  is  indebted  to  the  Government  of 
Madras  for  the  publication  of  the  work,  to  the 
Superintendent  of  the  Government  Press  for  the 
excellence  of  the  printing,  and  to  the  Madras  Survey 
Department  for  the  preparation  of  the  many  plates 
and  diagrams  illustrating  the  letter-press. 

To  name  all  those  who  have  kindly  assisted  and 
advised  in  the  preparation  of  the  work  for  the  press 
would  require  many  pages,  and  while,  therefore, 
grateful  to  all,  the  author  would  merely  particularise 
his  staff,  who  have  given  much  of  their  own  time  to 
copying  and  preparing  plates  and  diagrams,  Mr. 
Hormusji  Nowroji,  a.m.i.c.e.,  b.c.e.,  who  has  kindly 
revised  Chapter  VI,  Surgeon-Major  Thompson,  m.b., 
' c.M.,  who  has  revised  the  Chapter  on  Vaccination, 
of  which  he  was  the  author,  and  Messrs.  Simpson 
and  Company,  London,  Messrs.  Richardson  and 
Cruddas,  Bombay,  and  Messrs.  Burn  and  Company, 
Calcutta,  who  have  furnished  those  drawings  on 
which  their  names  appear. 
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EXPLANATION  OF  ALGEBRAICAL  SIGNS. 


The  sign  of  equality  is  = 

The  sign  of  addition  is  + 

Thus  : . 

5 + 4 — 9. 

The  sign  of  subtraction  is  — 
Thus  : 

5 — 4 = 1 . 

Tho  sign  of  multiplication  is  x 
Thus : 

5 X 4 = 20. 

Tho  sign  of  division  is  -~ 

Thus  : 

20  -f-  4 or  V = 5. 


An  expression,  such  as  (8+1)  (3  +-  2)  means  that  the 
total  of  the  quantities  within  each  pair  of  brackets  is  to  be 
multiplied  together  thus : 

(8  + 1)  (3  + 2)  = (9)  (5)  or  9 x 5 = 45. 


V.  V.  Vi 


are  signs  respectively  showing  that  the 
square,  cube  or  fourth  root  of  a number  has  to  be  extracted, 
thus  : 


An  expression,  such  as  x*  means  that  tho  number  to  which 
the  index  is  attached  has  to  be  raised  to  the  power  denoted  by 
that  index,  thus  22  = 2 X 2—4 

2s  = 2 X 2 X 2 = 8 

An  expression,  such  as  x 2 is  the  same  as  ^ .r* ; thus  4 * ~ 

V~=8- 

Brackets  ( ),{!,[  ] are  employed  to  show  that  the 

quantities  within  them  are  to  be  treated  as  though  forming  one 
quantity,  thus  a — (b — c)  is  not  the  same  as  a — b — c,  for  in  this 
last  both  the' quantities  b & care  subtracted,  whereas  in  the 
former  b — c is  to  be  subtracted. 

An  expression  such  as 

log  x = log  b + 

means  that,  if  the  logarithm  of  the  quantity  b is  to  be  added 
to  one-fourth  of  the  logarithm  of  the  quantity  D,  the  result  will 
be  the  logarithm  of  the  quantity  x.  For  explanation  of  the 
word  ‘ logarithm  ’ see  the  glossary. 
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HYGIENE,  SANITATION  AND 
SANITARY  ENGINEERING. 

♦ 

INTRODUCTORY. 

Public  health  is  one  of  the  most  serious  concerns  of  the 
State ; Government,  in  that  view,  has  created  district  and 
municipal  boards,  to  whom  has  been  confided  the  duties  of 
fighting  against  and  improving  those  insanitary  conditions 
which  prevail  wherever  men  collect  in  communities  of  greater 
or  less  extent.  These  duties  include  the  construction  and 
maintenance  of  roads,  the  cleansing  of  towns,  the  laying 
down  of  sewers,  the  distribution  of  a supply  of  water,  vaccine 
operations,  and  as  a sequel,  the  collection  of  taxes  ; the  end 
aimed  at  is  either  the  removal  of  insanitary  conditions  or 
protection  against  disease  caused  by  their  presence.  There 
are  also  a few  other  duties  cast  upon  these  boards,  such,  for 
instance,  as  the  registration  of  births  and  deaths  ; but  even 
this  object  is  one  intimately  connected  with  those  previously 
enumerated,  as  the  resulting  figures  show  to  what  extent  the 
measures  taken  have  benefited  the  people,  or  how  far  these 
have  failed  to  secure  the  results  intended  to  be  attained. 

No  better  criterion  of  results  can  be  found  than  a satis- 
factory death-rate : so  long  as  such  a rate  is  not  achieved, 
so  long  must  efforts  be  made  to  attain  it.  The  death-rate 
must  vary  to  some  extent  with  locality,  climate  and  season ; 
but  a high  average  rate  indubitably  shows  that  there  is 
something  wrong  and  that  insanitary  conditions  prevail. 
Nor,  when  a satisfactory  death-rate  is  attained,  may  these 
efforts  be  relaxed  : it  is  only  by  continued  perseverance 
that  such  a rate  can  possibly  be  maintained. 

A maxim  which  may  well  find  its  application  to  India 
is  ‘ Laborare  est  orare It  is  much  to  be  regretted  that, 
often  in  the  presence  of  an  epidemic  in  many  parts  of  the 
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Empire  of  Queen  Victoria,  and  perhaps  more  especially  in 
the  smaller  villages  and  towns,  the  first  portion  of  the 
maxim  finds  no  place,  while  the  second  grants  no  relief. 
If  it  is  only  in  times  of  terror  that  spasmodic  attention  is 
given  to  sanitary  requirements,  money  is  simply  wasted  in 
fruitless  efforts  to  stay  an  epidemic  which  might  have  been 
altogether  prevented.  Man,  indeed,  in  such  cases,  is  his 
own  enemy,  for  Providence  helps  only  those  who  help  them- 
selves, a lesson  well  conveyed  in  the  following  letter  which 
was  addressed  by  Lord  Palmerston  to  the  Moderator  of  the 
Presbytery  of  Edinburgh  in  1853  : — 

“ I am  directed  by  Viscount  Palmerston  to  acknowledge  the 
receipt  of  your  letter  of  the  1 5th  instant,  requesting  on  behalf 
of  the  Presbytery  of  Edinburgh  to  be  informed  whether  it  is 
proposed  to  appoint  a day  of  national  fast  on  account  of  the 
visitation  of  the  cholera,  and  to  state  that  there  can  be  no  doubt 
that  manifestations  of  humble  resignation  to  the  Divine  Will 
and  sincere  acknowledgments  of  human  unworthiness  are  never 
more  appropriate  than  when  it  has  pleased  Providence  to  afflict 
mankind  with  some  severe  visitation ; but  it  does  not  appear  to 
Lord  Palmerston  that  a national  fast  would  be  suitable  to  the 
circumstances  of  the  present  moment. 

“ The  Maker  of  the  Universe  has  established  certain  laws  of 
nature  for  the  planet  in  which  we  live,  and  the  weal  or  woe  of 
mankind  depends  upon  the  observance  or  neglect  of  those  laws. 
One  of  those  laws  connects  health  with  the  absence  of  those 
gaseous  exhalations  which  proceed  from  overcrowded  human 
beings  or  from  decomposing  substances,  whether  animal  or  vege- 
table ; and  those  same  laws  render  sickness  the  almost  inevitable 
consequence  of  exposure  to  those  noxious  influences.  But  it 
has,  at  the  6ame  time,  pleased  Providence  to  place  it  within 
the  power  of  man  to  make  such  arrangements  as  will  prevent  or 
disperse  such  exhalations  as  to  render  them  harmless,  and  it  is 
the  duty  of  man  to  attend  to  those  laws  of  nature,  and  to  exert 
the  faculties  which  Providence  has  thus  given  to  man  for  his 
own  welfare. 

The  recent  visitation  of  cholera,  which  has,  for  the  moment, 
been  mercifully  checked,  is  an  awful  warning  given  to  the  people 
of  this  realm  that  they  have  too  much  neglected  their  duty  in 
this  respect,  and  that  those  persons  with  whom  it  rested  to 
purify  towns  and  cities  and  to  prevent  or  remove  the  causes  of 
disease,  hav  e not  been  sufficiently  active  in  regard  to  such 
matters.  Lord  Palmerston  would,  therefore,  suggest  that  the 
best  course,  which  the  people  of  this  country  can  pursue  to 
deserve  that  the  further  progress  of  the  cholera  should  be  stayed, 
will  be  to  employ  the  interval  that  will  elapse  between  the 
piesent  time  and  the  beginning  of  next  spring  in  planning  and 
executing  measures  by  which  those  portions  of  their  towns  and 
cities,  which  are  inhabited  by  the  poorest  classes,  and  which, 
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from  the  nature  of  things,  must  most  need  purification  and 
improvement,  may  be  freed  from  those  causes  and  sources  of 
contagion,  which,  if  allowed  to  remain,  will  infallibly  breed 
pestilence  and  be  fruitful  in  death,  in  spite  of  all  the  pra}rers 
and  fastings  of  a united  but  inactive  nation,  when  man  has  done 
his  utmost  for  his  own  safety,  then  is  the  time  to  invoke  the 
blessing  of  Heaven  to  give  effect  to  his  exertions.” 

Cleanliness  of  person  is  no  less  a necessity  than  street 
cleansing  or  a pure  water-supply.  The  projection  and 
adoption  of  improved  methods  of  sanitation  for  the  general 
good  will  indubitably  fail  if,  at  the  same  time,  similar 
measures  are  not  taken  with  reference  to  person  and  home. 
It  is  the  duty  of  the  State  to  initiate  and  promote  sanitary 
measures,  but  the  co-operation  of  the  people  themselves  is 
necessary  to  make  the  result  a success ; to  increase  sanitary 
knowledge,  to  remove  passive  resistance,  to  dispel  ignorance 
is  therefore  the  first  duty  of  all  Sanitary  Officers. 

To  make  satisfactory  improvements  in  towns  and  vil- 
lages, all  interested  officials  should  have  some  acquaintance 
with  those  laws  and  rules  which  guide  engineers  in  design- 
ing works  for  drainage  or  water-supply,  and  with  those  to 
which  the  sanitarian  has  recourse  when  considering  the 
conditions  which  are  most  favourable  to  a healthy  and  pro- 
tracted life. 

To  collate  and  explain  some  of  such  laws  and  rules  is 
one  object  of  this  work,  a second  is  to  describe  methods  of 
practical  application  of  such  laws  with  special  reference  to 
such  works  as  ordinarily  fall  within  the  scope  of  municipal 
institutions. 

But,  though  some  of  the  principles,  on  which  the  engineer 
or  the  sanitarian  respectively  conducts  his  profession,  may 
be  thoroughly  understood,  let  it  not  be  imagined  that  there 
is  no  use  for  these  officers.  It  is  trusted  that  these  pages 
will  rather  tend  to  show  how  necessary  their  services  are 
and  how  far  proposed  sanitary  improvements  may  be  ad- 
vantageously discussed  before  professional  aid  should  be 
solicited  for  advice  upon  measures  for  improvement. 

The  duties  of  a sanitarian  require  perseverance,  firm- 
ness, tact  and  skill  and,  above  all,  zeal  tempered  with  dis- 
cretion ; while  sustained  exertion  alone  can  affect  permanent 
improvements,  it  is  unwise  to  unduly  hasten  sanitary  mea- 
sures in  the  face  of  interested  opposition ; smaller  measures 
may  be  approved  where  larger  schemes  would  not  find 
acceptance  ; as  the  constant  dripping  of  water  will  wear 
away  a stone,  so,  constant  demands  for  attention  to  sanitary 


4 


INTRODUCTORY. 


defects  and  resultant  evils  will  eventually  diminish,  if  not 
dispel,  opposition.  Nor  is  it  wise  to  endeavour  to  thrust 
English  methods  on  Indian  towns ; all  schemes  to  be  suc- 
cessful must  be  acceptable  to  the  people  and  suitable  to 
their  habits. 

Many  works  which  boards  may  be  advised  to  execute  may 
seem  expensive  and,  perhaps,  call  for  an  increase  of  tax- 
ation on  an  already  burdened  people.  Poverty  is  undoubt- 
edly a great  bar  to  sanitary  improvement,  but  it  goes  hand 
in  hand  with  disease,  and  the  amount  of  preventible  dis- 
ease in  our  towns  can  hardly  be  over-estimated,  though  it 
has  been  reckoned  that  to  these  nearly  four-fifths  of  the 
registered  mortality  in  India  is  due.  The  rate  of  mortality 
in  a town  should  not  exceed  19  or  20  per  thousand,  and, 
for  every  case  of  life  saved,  it  is  reckoned  that  about  28 
cases  of  sickness  are  preventible.  It  has  been  calculated 
that,  in  a town  of  50,000  people,  the  preventible  deaths  and 
sickness  due  to  disease  cost  a community  over  Rs.  1,00,000 
per  annum. 

Public  morality  goes  hand  in  hand  with  public  cleanli- 
ness, as  does  vice  with  dirt.  Familiarity  with  dirt  is  a 
powerful  factor  in  debasing  morals.  The  constant  pre- 
sence of  filth  and  the  increasing  difficulty  of  removal  blunt 
the  senses  of  sight  and  smell.  Common  decency  and  self 
respect  are  difficult  to  maintain  in  a surrounding  of  un- 
cleanliness. 

The  financial  and  moral  arguments  are  equally  strong. 
The  task  of  sanitary  improvement  is  one  in  which  the  poor 
as  well  as  the  rich  can  aid,  but  it  is  one  which  requires  an 
intelligent  application  of  natural  laws,  and  in  this  view  it  is 
hoped  the  following  chapters  will  appeal  to  those  engaged 
in  the  great  work  of  sanitation. 
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AIK. 

Pure  air  necessary  to  health. — A high  degree  of 
health  oannot  be  attained  without  pure  air,  and  it  has  been 
ascertained  by  the  statistician  that  the  most  froquent  oause  of 
death  is  impure  air. 

Constituents  of  pure  air. — Pure  atmospherio  air 
consists  of  oxygen,  nitrogen,  and  carbon  dioxide  in  the 
following  average  proportions  : — 


Parts  per  100. 

Oxygen 

• • 

20-96 

Nitrogen 

• • 

79-00 

Carbon  dioxide 

• • 

..  004 

100-00 

Nitrogen  has  no  active  properties,  but  oxygen  is  essential 
for  animal  life  ; the  proportions  of  nitrogen  and  oxygen  vary 
in  different  localities,  there  being  less  of  the  latter  in  towns 
than  in  the  country.  Ozone,  a very  activo  form  of  oxygen,  is 
found  in  very  pure  air.  Carbon  dioxide  is  given  out  by  the 
respiration  of  animals  and  is  absorbed  by  plants.  In  crowded 
places  the  proportion  of  carbon  dioxide  is  considerably 
increased.  Air  containing  more  than  5 per  cent,  will  not 
support  lifo,  while  1'5  per  cent,  will  alfect  most  persons 
injuriously.  Carbon  dioxide  is  the  gas  evolved  from  the  com- 
bustion of  wood,  coal,  &c.,  from  deoaying  vegetable  matter, 
and  is  found  in  old  unused  wells,  &o. 

Natural  air  is  nevor  pure  ; it  is  being  constantly  polluted 
and  also  purified.  Its  impurities  are  due  to  living  animals, 
to  decaying  organio  materials  and  to  dust  due  to  the  disinte- 
gration of  mineral  substances.  It  is  purified  by  the  action 
of  wind,  by  rain  and  dew  and  by  gravitation. 

Air  impurities. — Impurities  in  air  are  gaseous  or  solid. 
Gaseous  impurities  consist  of  an  excess  of  carbonic  acid, 
carburetted  hydrogen,  sulphurous  aoid,  phosphuretted  hydro- 
gen, and  vapours  arising  from  sewage,  putrefying  animal 
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matter,  &c.  Solid  impurities  are  suspended  in  the  air  and 
consist  of  substances,  organic  and  inorganic.  Winds  raise 
dust  and  soil  with  36  to  46  per  cent,  of  organic  matter; 
particles  of  dead  animals,  hair,  cotton,  wool  are  often  present, 
while  excretions,  urinary  or  fsecal,  will  abound  in  the  air 
around  filthy  places. 

Effects  of  impurities.— These  impurities  may  take 
effect  in  various  ways.  Thus,  air,  polluted  by  decomposing 
matter,  may  cause  nausea,  vomiting, fever,  diarrhoea.  Mineral 
dust  causes  diseases,  such  as  bronchitis  and  asthma  ; the  dust 
arising  from  certain  trades  is  poisonous.  Microbes,  the  speci- 
fic cause  of  certain  diseases,  live  and  are  transported  in  the  air. 

The  means  for  removal  of  impurities  include  dis- 
infection by  chemical  means,  heat  filtration,  and  ventilation. 

Disinfection. — Disinfection  implies  dealing  with  infec- 
tion in  a wide  sense ; it  includes  purification  of  any  kind 
whatsoever  ; the  burning  of  volatile  substances,  the  appli- 
cation of  liquids,  the  sprinkling  of  powders  are  most  feeble 
substitutes  compared  with  other  means.  The  efficacy  of  dis- 
infection is  in  inverse  ratio  to  the  area  or  capacity  dealt  with. 
All  conservancy  operations  for  the  removal  of  filth  may  be 
considered  disinfection ; where  matters  and  substances  are 
not  removable,  washing,  scraping,  dusting  and  other  processes 
may  be  resorted  to  ; the  more  temporary  measure  of  treating 
organic  decomposing  matters  chemically  is  that  popularly 
known  by  the  name  of  disinfection,  because  the  substances 
used  in  the  process  are  styled  disinfectants. 

The  object  of  disinfection  is  to  destroy  infective 
matter  which,  when  received  into  the  body  of  an  apparently 
healthy  person,  has  the  power  of  producing  disease.  There 
is  little  doubt  that  this  infective  matter  is  a living  organism 
or  its  product,  and  therefore  disinfection  must  be  able  to 
destroy  both  the  one  and  the  other.  Some  organisms  are 
difficult  to  destroy,  spore  bearing  organisms  are  the  most 
tenacious,  therefore  ‘ disinfectants  ’ suitable  in  one  case  are 
useless  in  another. 

Disinfectants.— The  following  disinfectants  are  in  use 

(their  proper  application  is  indioated  in  the  appendix)  : sul- 
phurous acid  gas,  chlorine,  iodine,  creolin,  corrosive  sublimate, 
sanitas  fluid,  carbolic  acid,  permanganate  of  potash  (Condy’s 

Heat  is  the  most  certain  disinfecting  agent  and  may  be 
applied  m two  forms— moist  heat  and  dry  heat.  Boiling  for 
15  or  20  minutes  is  effective.  To  such  articles  as  cannot 


AIR. 


7 


be  boiled,  dry  heat  may  be  applied  as  by  baking  or  moist 
heat  as  by  steam.  Hot  air  is  less  effective  than  steam,  but, 
to  some  articles  such  as  leather,  furs  and  articles  in  which 
glue  is  used,  this  latter  process  cannot  be  applied.  The 
following  table  shows  the  time  of  application  nocessary  when 
dry  heat  is  the  agent : — 


Temperature. 

Duration  required. 

Application. 

212°  F. 

90  minutes 

For  the  destruction  of  sporeless 

bacteria. 

230°  F. 

90  do. 

Spores  of  fungi. 

284°  F. 

180  do. 

Spores  of  bacilli. 

On  the  other  hand,  the  results  by  steam  at  212°  F.  show 
that  even  anthrax  spores  are  killed  in  5 minutes.  Each 
town  ought  to  possess  a disinfecting  chamber ; for  small 
towns  and  villages  portable  apparatus  can  be  had  at  a not 
excessive  cost. 

Large  quantities  of  disinfectants  necessary. — 

Large  quantities  of  disinfectants  are  necessary  for  the  large 
volumes  of  air  likely  to  become  infectod  or  impure  by  reason 
of  local  conditions,  and  while,  therefore,  disinfectants  are 
extremely  useful,  they  can  never  take  the  placo  of,  and  must 
always  be  subsidiary  to,  ventilation. 

Ventilation. — Ventilation  is  tho  replacement  of  impure 
air  by  pure  air,  and  such  action  should  not  be  limited  to  our 
dwellings,  but  be  extended  to  the  streets,  squares,  and  lanes 
of  our  towns  and  villages. 

Quantity  of  pure  air  necessary  for  health. — A 

certain  quantity  of  pure  air  is  necessary  for  health,  and  as  a 
man  in  breathing  adds  to  the  air  0'6  of  a cubic  foot  of 
carbon  dioxide  per  hour,  it  is  ovident  that,  as  carbonic  acid 
is  extremely  poisonous,  if  fresh  air  wero  not  obtained,  the 
air  would  become  so  impure  that  he  would  cease  to  live. 

Carbon  dioxide  when  perceptible. — Carbon  dioxide 
in  the  air  is  not  perceptible  to  the  senses  until  it  is  increased 
by  a ratio  of  O' 02  per  cent.,  and  0‘06  per  cent,  may  therefore 
bo  taken  as  the  limit  of  respiratory  impurity. 

Amount  of  air  discharged  per  person. — An  adult 
discharges  16-66  cubic  feet  of  air  per  hour,  of  which,  as 
before  stated,  0-6  of  a cubic  foot  or  36  parts  per  1,000  is  car- 
bonic acid.  This  quantity  amounts  to  one  hundred  and  eighty 
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times  tliat  which  has  been  fixed  as  the  limit  of  respiratory 
impurity  per  1,000  volumes  and,  therefore,  to  keep  the  air 
pure,  a"  supply  of  one  hundred  and  eighty  times  the  amount 
of  air  breathed  or  180x  16-66  = 3,000  cubic  feet  per  hour  is 
required.  As,  then,  pure  air  contains  '04  per  cent,  of  carbonic 
acid,  and  as  respired  air  contains,  in  addition  to  the  carbonic 
acid,  aqueous  vapour,  organic  matters,  and  exhalations  from 
the  skin,  it  may  be  concluded  that  the  minimum  required  is 
not  less  than  3,000  cubic  feet  per  individual  per  hour. 

Amount  of  air  required  for  Barracks,  &c. — Hos- 
pitals, barracks,  and  such  places  require  a larger  supply 
which  may  extend  to  4,500  cubic  feet  per  hour.  For  com- 
bustion also  provision  must  be  made  ; an  ordinary  oil  lamp 
generates  half  a cubic  foot  of  carbonic  acid  per  hour,  and 
requires  400  cubic  feet  of  air ; a candle  requires  500  cubic 
feet. 

Ventilation. — Ventilation,  as  has  been  explained,  re- 
quires the  replacement  of  impure  air  by  pure  air,  and,  with- 
out reference  to  the  means  by  which  that  replacement  may 
be  effected,  there  must  be  motion  in  the  air.  Too  great  a 
motion  will  incur  a perceptible  draught,  but  any  current  of 
air  moving  at  less  than  2 miles  per  hour  is  imperceptible  ; 
it  is  therefore  desirable  for  comfort  that  such  velocity  should 
not  be  exceeded.  The  rate  may  be  regulated  by  reducing 
or  increasing  the  sizos  of  the  circulating  openings.  As  large 
rooms  are  more  easily  ventilated  than  small  ones,  in  the  latter 
more  numerous  ventilators  and  a larger  cubic  space  per  head 
should  be  allowed.  Supposing  a current  of  2 miles  per  hour 
or  3 feet  per  second  is  allowable,  then  to  admit  3,000  cubic 
feet  of  air  per  hour,  the  area  of  tho  inlet  opening  required 
would  bo  40  square  inches. 

Regulation  of  supply  of  air.— The  flow  of  air  into 
any  space  cannot,  however,  be  always  kept  at  the  same  speed, 
there  being  so  many  different  agencies  in  operation  to  con- 
tend against ; while  therefore  the  necessity  for  at  least  3,000 
cubic  feet  of  air  per  person  per  hour  should  always  be  kept 
in  view,  and  for  that  amount  being  delivered  at  a velocity 
not  exceeding  2 miles  per  hour,  the  amount  of  cubic  space 
necessary  for  an  individual  cannot  be  decided  on  such  basis 
alone,  even  though  the  area  of  the  circulating  openings  may 
be  increased  or  diminished  at  pleasure. 

Amount  of  cubic  and  superficial  space  required 
per  individual.  1 hus,  while  it  is  possible  to  ventilate 
overcrowded  rooms,  tho  rate  of  flow  of  air  required  would 
pause  discomfort,  and  it  is  therefore  found  necessary  to  lay 
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down  certain  rules  as  to  the  cubical  and  floor  space  which 
should  be  allowed  per  person.  In  calculating  the  cubical 
contents  of  a room,  the  space  above  14  feet  from  tho  floor  is 
not  considered  as  useful  for  vontilation,  and  an  ordinary  rule 
is  that  the  floor  area  (square  measure)  ought  not  to  be  less 
than  one-twelfth  of  the  cubic  space  (cubic  measure). 

It  is  believed  that  a space  of  1,000  cubic  feet  of  air  per  head 
gives  the  best  results,  a larger  cubic  spaco  causing  stagna- 
tion of  air ; tho  floor  area  corresponding  would  bo  = 83 

squaro  foet.  Tho  following  are  allowances  in  India  : — in  tho 
barrack  rooms  on  the  plains,  1,800  cubic  feet  and  90  super- 
ficial feet  are  allowed  per  person  ; on  the  hills  1,200  to  1,400 
cubic  feet  and  75  superficial  feet  ; in  native  hospitals  1,500 
cubic  feet  and  99  superficial  feet ; in  jails  648  cubic  feet 
and  54  superficial  feet.  It  is  probable  that  these  figures  or 
some  of  them  include  space  above  14  feet  in  height.  Com- 
mon lodging  houses  iu  England  arc  licensed  to  lodgo  not 
more  than  one  person  for  each  240  cubic  feet  and  30  super- 
ficial feet.  Cattle  ought  to  havo  1,000  cubic  feet.  The  out- 
lets for  air  should  be  of  the  same  area  as  the  inlets,  and 
the  air  should  be  introduced  into  a building  so  as  to  be  dis- 
tributed. It  is  well  to  allow  the  in-coming  air  to  enter  some 
height  above  the  floor  level,  and  this  may  be  effected  through 
Tobins  and  other  tubes,  ventilators,  &c. 

Methods  of  ventilation. — The  various  methods  by 
which  ventilation  may  be  effected,  may  be  divided  into  two 
classes,  the  natural  and  tho  artificial ; the  former  includos 
winds  and  differences  of  temperature  ; the  latter,  extraction 
or  propulsion.  Tho  wind  is  a very  powerful  agent  in  venti- 
lation, and  for  the  ventilation  of  streets,  lanes,  <fcc.,  on  it  to 
a great  extent,  dependence  must  bo  placed. 

Natural  ventilation. — In  laying  out  new  streets,  when 
extending  a town  or  village,  or  in  cutting  through  portions 
of  an  existing  town  or  village,  tho  line  of  the  street  should, 
as  far  as  consistent  with  other  requirements,  run  in  tho 
direction  of  the  prevailing  winds.  Winds,  of  course,  pass 
through  walls  of  wood,  leaf  huts,  &c.,  and  thus  in  such 
buildings  a large  cubic  space  per  person  is  not  such  a neces- 
sity as  in  more  permanent  buildings.  Wind,  however,  is  not 
always  a satisfactory  agent ; it  may  blow  from  a direction 
where  insanitary  conditions  prevail,  and  looking  to  this  fact 
it  may  be  remarked  that  all  such  places  as  slaughter-houses, 
sewage  farms,  cattle  depdts,  rubbish  depOts,  &c.;  should  bg 
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placed  on  that  side  of  a village  or  town  from  which  the  winds 
blow  least  frequently. 

Circulation  of  air. — A movement  of  air  caused  by  dif- 
ferences of  temperature  is  called  circulation.  This  means  of 
ventilation  in  India  is  not  generally  applicable,  because  it 
entails  the  condition  that  the  impure  air  shall  be  of  a higher 
temperature  than  the  pure  air,  as  in  such  condition  it  is 
lighter  and  rises.  Here  in  India,  however,  the  air  of  our 
houses  on  the  plains  may  be  either  cooler  or  warmer  than  the 
outside  air,  or  the  temperatures  may  be  the  same.  There 
may,  therefore,  be  either  upward  or  downward  currents  or 
none  at  all. 

Extraction  of  air. — Circulation  may,  however,  be  at- 
tained by  artificial  means  and  it  is  then  called  extraction. 
This  may  be  by  fires  at  the  bottom  of  chimneys,  which 
require  a certain  amount  of  air ; this  when  heated  rises  and 
passes  away,  its  place  being  taken  by  fresh  air,  or  the  air 
may  be  drawn  out  by  a fan. 

Propulsion  of  air. — Propulsion,  however,  is  an  easier 
means  of  supplying  fresh  air,  and  good  instances  of  this 
method  are  the  ordinary  thermantidote  and  the  punkah. 

Measurement  of  flow  of  air.—The  rate  of  flow  of 
air  is  measured  by  an  instrument  called  an  anemometer, 
a description  of  which  will  be  found  in  the  chapter  on 
meteorology. 

Ventilation  of  stores,  &c. — Before  concluding  the 
subject  of  ventilation,  it  may  not  be  out  of  place,  though 
the  matter  is  one  unconnected  with  hygiene,  to  note  that 
all  such  places,  as  kerosine  stores,  match  stores,  fireworks 
manufactories  or  other  places  where  explosive  or  combustible 
materials  are  stored,  should  be  thoroughly  ventilated.  For 
such  ventilation  in  India  the  wind  must  be  depended  upon. 
If  cowls  are  arranged  on  a building,  and  these  are  continued 
by  a shaft  through  the  roof,  then  by  the  passage  of  the  wind 
over  the  cowl  at  right  angles  to  the  shaft,  the  air  is  drawn 
up  the  shaft.  This  method  of  ventilation  is  called  aspira- 
tion and  is,  of  course,  also  applicable  to  buildings  generally. 
It  is  probable  that  a fixed  double  cowl  will  act  in  a similar 
manner,  but  it  is  advisable  to  point  out  that  such  contrivances 
are  most  effective  when  least  required,  viz.,  when  there  is 
plenty  of  wind. 

Examination  of  air. — Though  many  impurities  in  air 
cannot  be  recognised  by  smell,  yet  on  that  sense  most  persons 
must  depend  for  the  discovery  of  any  impurity.  Where 
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disease  or  filth  is  present,  there  will  always  be  impurity, 
and  under  such  circumstances  ventilation,  disinfectants,  and 
deodorants  ought  to  be  freely  resorted  to.  Tho  mioroscopical 
aud  chemical  examination  of  air  presents  many  difficulties 
except  to  chemists  or  medical  men,  and,  as  many  instruments 
and  chemical  solutions  are  required  for  the  purpose,  the 
examination  should  always  bo  entrusted  to  such  scientific 
persons. 

Sulphuretted  hydrogen,  however,  can  easily  he  de- 
tected with  the  aid  ot  lead  test  paper  prepared  by  soaking 
white  bibulous  paper  in  solution  of  lead  acetate.  The  paper, 
when  dry,  is  cut  into  strips  and  enclosed  in  a bottle  with  a 
small  lump  of  ‘ sesqui-carbonate  of  ammonia’  wrapped  in  a 
fold  of  bibulous  paper.  If  these  strips  of  paper  are  placed 
in  an  impure  atmosphere,  discoloration  takes  placo.  If  there 
is  a slight  discoloration  within  10  minutes  after  exposure,  the 
atmosphere  is  dangerous. 

Test  for  carbonic  acid. — An  excess  of  carbonic  acid  in 
air  can  also  be  detected  in  the  following  manner,  the  process 
being  based  on  the  fact  that  an  excess  of  carbonic  acid  causes 
turbidity  when  mixed  in  certain  proportions  with  a solution 
of  lime  water.  As  already  stated,  the  air  of  a room  ought 
not  to  contain  more  than  ’06  per  cent,  of  carbonic  acid,  and, 
if  it  be  desired  to  ascertain  whether  the  proportion  is  more  or 
less  than  this  amount,  the  process  is  to  take  a 10-ounce  bottle, 
clean  and  dry  inside,  and  fill  it  with  the  air  of  a room  by 
moans  of  the  bellows  or  syringe,  then  add  half  an  ounce  of 
clear  saturated  lime  water,  replace  the  stopper  and  shake 
briskly.  If  any  turbidity  appears,  the  air  contains  more 
than  ‘06  per  cent,  of  carbonic  acid. 

As  a preliminary  to  such  tests  all  premises  ought  to  be 
inspected  inside  and  out,  and  all  foul  matter  removed  from 
the  vicinity.  Ventilating  door,  window  and  other  openings 
should  have  careful  attention.  In  respect  to  ventilation,  the 
examination  should  be  made  immediately  after  a room  has 
been  used  by  the  maximum  number  of  persons  usually 
occupying  it. 

WATER. 

Existing  sanitary  conditions  of  villages  due  to 
want  of  wholesome  water. — Wholesome  water  is,  with- 
out doubt,  one  of  the  greatest  requirements  of  all  towns  and 
villages  in  this  country.  To  its  want  is  due  their  insanitary 
condition,  a condition  aggravated  by  the  habits  of  tho  more 
ignorant  classes  of  the  population,  who,  in  many  cases,  use 
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the  tanks  whence  their  drinking  supplies  are  drawn  for 
purposes  of  washing  their  olothes  and  bodies.  To  any  one 
familiar  with  this  country  this  pollution  is  daily  brought 
within  their  observation  ; people  habitually  dofile  the  slopes 
and  margins  of  tanks,  and  then  oleanse  themselves  in  the 
water. 

Indian  sanitary  laws  in  regard  to  water. — The 

late  Surgeon-General  Furnell,  when  Sanitary  Commissioner 
for  Madras,  pointed  out  that  numberless  laws  and  regulations 
had  been  laid  down  by  the  ancient  Indian  law-givers  to 
prevent  water  being  defiled,  and  quoted  the  following  : — 

In  the  Yajurveda,  the  part  called  Arana  contains  the  follow- 
ing commandments  : — “Do  not  spit  out  with  retching  in  the 
water.  Do  not  pass  urine  or  discharge  excreta  in  the  water. 
Do  not  drop  blood  into  water.  Do  not  throw  any  hair,  or  nails, 
or  bones,  or  ashes,  nor  dip  dirty  clothes  into  water.  For  to  do  so 
is  to  abuse  a precious  gift  of  the  gods  and  discharge  them.” 

“II.  Then,  passing  on  to  the  Smritees,  or  the  rules  laid 
down  by  the  law-givers  regarding  the  use  and  abuse  of  water, 
the  following  are  universally  quoted  authorities  : — 

“ Yagnya  Valkya  prohibits  the  driuking  of  eight  kinds  of 
water — (1)  water  kept  boilt  by  a stranger,  (2)  foaming  water, 
( 3 ) heavy  dirty  water,  (4)  water  giving  off  offensive  smells, 
(5)  water  rising  in  bubbles,  (6)  hot  water,  (7)  muddy  water,  and 
(8)  salt  water. 

“ The  sage  Sdthatkapa  prohibits  bathing  in  a tauk  or  pond 
defiled  by  the  following  persons  by  washing  or  bathing  : — Those 
suffering  from  sore-eyes  or  itch  on  the  head  or  ear,  those  sub- 
ject to  epileptic  attacks,  or  ulceration  in  the  head  running  off 
through  the  nostril,  or  to  consumption,  or  those  affected  by 
leprosy,  or  small-pox,  or  diarrhoea,  cholera,  or  other  contagious 
diseases. 

“ III-  In  the  second  book  of  Ramayana,  the  great  epic  poem 
of  the  Hindus,  Prince  Barata  calls  down  upon  himself  a curse, 
if  he  were  guilty  of  something  charged  against  him,  by  saying, 

‘ His  sin,  who  deadly  poison  throws, 

To  spoil  the  water  as  it  flows, 

Lay  on  the  wretch  its  burden  dread, 

Who  gave  consent  when  Rama  fled.’ 

“ The  sin  of  spoiling  drinking  water  was  evidently  considered 
by  1 rince  Barata  as  one  of  the  greatest  possible  gravity  as 
rendering  the  man  who  did  it  fit  only  for  the  infernal  regions. 

“ IT • In  Uddhava  Gita  of  the  eleventh  book  of  the  Bhagavata 
Purnna,  or  Krishna’s  legend,  the  pious  old  Uddhava  is  advised 
by  Krishna  to  drink  no  other  water  but  that  filtered  or  strained 
through  a clean  cloth.  (Krishna  evidently  knew  nothin**  of  the 
modern  improved  charcoal  filters.) 

“V.  Again,  the  sage  Yagnya  Valkya  prohibits  the  use  of 
water  that  remains  after  washing  one’s  feet  or  hands  and  the 
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private  parts  of  the  human  body,  or  the  remnant  of  what 
another  person  drinks,  or  the  water  near  the  Dlioby’s  place  for 
washing  clothes,  or  where  chandalas  or  butchers,  eliucklers,  and 
other  outcastes  wash  themselves,  or  where  women  after  menses 
or  child-birth,  or  people  under  pollution  bathe.” 

The  great  law-givex*,  Menu,  in  Chapter  IV  of  Manu 
Dharma  Sastra,  says  : — 

“ Let  him  not  cast  into  the  water  either  urine  or  ordure,  nor 
saliva,  nor  cloth,  nor  any  other  thing  soiled  with  impurity,  nor 
blood,  nor  any  other  kind  of  poison.” 

All  those  authorities  aro  takon  from  the  chapter  headed 
Acharakanda,  on  the  use  of  water,  in  the  book  of  the  Hindu 
law  bv  Vaidyanadha,  held  in  high  esteem  by  the  Hindu 
community  of  Southern  India. 

Carelessness  in  regard  to  water-supplies  due  to 
belief  in  their  innate  purity. — The  general  carelessness 
on  the  part  of  the  people  must,  therefore,  be  due  to  a blind 
mistaken  belief  in  the  innate  purity  and  undefilability  of  all 
largo  bodies  of  water  or  else  to  lieedlessness. 

Water  classified.  — A pure  and  sufficient  supply  of 
water  is  as  essential  to  health  as  a supply  of  pure  air. 

Chemically,  pure  water  consists  of  2 volumes  of  hydrogen 
gas  to  1 volume  of  oxygen,  or  by  weight  2 parts  of  hydrogen 
to  16  parts  of  oxygen. 

Good  water  is  transparent,  colourless,  odourless  and  taste- 
less. Good  water  is  not  one  chemically  pure,  indeed  no  chemi- 
cally pure  water  has  ever  been  found.  In  all  water  some 
chemical  impurity  will  exist,  but  when  it  is  desired,  to  fix  the 
proportion  such  impurities  ought  not  to  exceed,  it  is  found, 
that  considerable  differences  of  opinion  exist. 

Generally  speaking,  calcareous  waters  moderately  charged 
with  carbonate  of  lime  are  the  most  wholesome  for  drinking. 
Pure  water  is  not  suitable  for  drinking  purposes,  for,  besides 
being  insipid  and  uninviting,  it  may  be  unwholesome. 
Bright  spring  water  such  as  is  both  pleasant  and  wholesomo  is, 
strictly  speaking,  very  far  from  pure.  It  contains  in  solution 
gases  to  which  its  sparkling  appearance  is  due  and  to  which 
it  also  owes  its  invigorating  and  refreshing  effects.  It  also 
contains  a certain  amount  of  earthy  matter  such  as  carbonate 
or  sulphate  of  lime,  or  similar  salts  of  magnesia.  Dr. 
Letheby,  from  investigations  he  made,  came  to  the  conclusion 
that  from  5 to  20  grains  of  salt  per  gallon  is  necessary  to 
render  water  in  the  highest  degree  wholesome  for  drinking- 
The  Rivers  Pollution  Commission  on  the  domestic  supplies 
of  Great  Britain,  who  examined  more  than  2,000  samples  of 
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drinking  water  and  inspected  a large  number  of  water  works, 
and  who  received  information  from  all  parts  of  the  country,  say, 
in  their  report  of  1874,  “ that  in  respect  of  wholesomeness, 
palatability  and  general  fitness  for  drinking  and  cooking,  their 
researches  led  them  to  the  following  classification  of  water  in 
the  order  of  their  excellence,  and  founded  on  their  respective 
sources : — ” 

!1 . Spring  water.  ) Very 

2.  Deep  well-water.-  j palatable. 

3.  Upland  surface  water.  \ Moderately 

14.  Stored  rain  water.  j palatable. 

5.  Surface  water  from^ 
cultivated  land. 

(6.  Diver  water  to  which  ^ Potable. 
Dangerous. . sewage  has  access. 

( 7.  Shallow  well-water.  J 

All  these  various  classes  of  water  have  one  and  the  same 
origin,  viz.,  rain,  which  when  it  falls  on  the  surface  of  the  earth, 
is  partially  evaporated,  the  greater  proportion  flowing  over  the 
ground  or  sinking  into  the  soil.  The  water  flowing  over  the 
surface  passes  towards  and  forms  streams,  rivers,  tanks,  &c., 
carrying  along  with  it  many  impurities.  The  water,  which 
sinks  into  the  soil,  dissolves  the  soluble  substances  with  which 
it  meets  and  forms  the  wells  ; the  rate  of  flow  depends  on 
several  circumstances  which  will  be  explained  when  dealing 
with  sub-soil  water  more  particularly. 

The  reasons  for  the  classification  adopted  above  will  be 
seen  from  the  following  : — 

Spring  water  is  water  derived  from  fissures  in  an 
impermeablo  stratum  overlying  the  stratum  wherein  the 
water  is  stored,  and  which  has  received  it  at  a higher  level. 
Spring  water  is  practically  identical  with  artesian  well  water 
and  though  it  may  be  charged  with  mineral  impurities  is 
likely  to  be  free  from  any  of  an  organic  nature. 

Deep  wells,  if  bored  through  an  impermeable  stratum 
should  furnish  water  of  a similar  description  if  properly 
protected  from  surfaco  and  sub-soil  pollution  as  will  be  in- 
dicated hereafter. 

Upland  water  is  that  derived  from  higher  ground. 
Its  quality  is  dependent  on  the  nature  of  the  soil  and  its 
purity  on  the  class  and  condition  of  the  vegetation  of  the 
gathering  area,  and  on  the  exclusion  of  inhabitants  and 
animals  from  that  area. 

Stored  rain  water  is  the  best  water  for  washing  pur- 
poses. It  is  liable  to  be  impure  in  large  towns  from  air  and 
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dust,  from  impurities  on  the  surface  on  which  it  fell,  from 
imperfect  methods  of  storing1,  &c.  Xt  is,  however,  an  impor- 
tant source  of  supply  and  in  many  parts  of  India  such  as 
Cochin,  for  instance,  is  the  best  water  available  : further 
remarks  on  this  subject  will  bo  found  in  the  chapter  on  water- 
supply. 

Surface  water  from  cultivated  land  is  more  likely  to 
be  dangerous  than  any  of  the  foregoing  supplies,  because  of 
tho  consequent  presence  of  people  and  animals  in  the  air  or 
vicinity  of  villages,  &c. 

River  water  to  which  sewage  lias  access  is  undoubt- 
edly dangerous  and  it  is  well  not  to  draw  water  especially 
in  India  directly  from  the  river ; if  this  is  necessarily  done, 
after-filtration  must  be  resorted  to.  In  tho  rains  an  accumu- 
lation of  all  kinds  of  dirt  and  filth  is  washed  into  the  rivers. 
With  very  large  rivers  the  impurities  are  greatly  reduced  by 
tho  process  known  as  ‘ self  purification,  ’ but  in  any  case 
filtration  is  desirable  and  careful  filtration  sometimes  results 
in  a fairly  pure  supply.  Thus  the  supply  of  Calcutta  is 
derived  from  tho  Hooglily  which,  when  obtained,  contains 
solids  amounting  to  from  70  to  1,850  parts  per  million  parts 
of  water;  50  to  100  per  cent,  of  these  are  removed  by 
settling  and  the  water  afterwards  filtered  and  delivered  clear 
and  transparent  to  the  consumer  in  Calcutta.  River  water 
may  be  indirectly  obtained  by  means  of  wells  sunk  in  the 
banks  or  bed  of  a river,  or  by  means  of  galleries  constructed 
adjacent  thereto. 

Shallow  well  water,  in  which  may  be  included  water 
from  tanks,  unfortunately  the  most  ordinary  source  of  supply 
in  India,  is  the  most  dangereous,  the  pollution  of  the  adjoin- 
ing sub-soil  naturally  flowing  towards  the  well.  The  sur- 
roundings of  wells  in  Indian  villages  easily  account  for  the 
high  annual  death-rate,  and  the  constant  presence  of  such 
diseases  as  cholera,  typhoid,  &c. 

Hardness  of  water. — Before  describing  more  parti- 
cularly the  impurities  found  in  water,  one  quality  of  water 
which  at  once  attracts  notice  will  be  referred  to  and  that  is 
the  quality  known  as  ‘ hardness,’  tho  degree  of  ‘ hardness  ’ 
which  a water  possesses  being  known  by  the  greater  or  less 
amount  of  soap  necessary  for  cleansing  purposes. 

This  varying  degree  of  hardness  is  of  two  kinds — ono 
temporary,  the  other  permanent.  Temporary  hardness  is  a 
quality  which  can  be  removed  by  boiling ; it  is  duo  to  tho 
presence  of  carbonic  acid  gas  which  retains  in  solution  a 


16  CHAPTER  I.— HYGIENE. 

considerable  amount  of  the  carbonates  of  lime  and  mag- 
nesia : boiling  expels  the  gas  and  separates  the  earths  which 
are  apt  to  cake  on  the  vessels  in  which  such  water  is  boiled. 
Permanent  hardness  cannot  be  removed  by  boiling,  because 
it  is  caused  by  salts  such  as  those  of  magnesia  and  lime. 

The  fact  that  in  using  a ‘ harder  ’ water,  it  is  necessary 
to  use  more  soap  than  with  a comparatively  softer  water 
introduced  one  method  of  estimating  the  hardness  by  the 
proportion  of  soap  which  it  renders  insoluble.  By  ‘ degree 
of  hardness  ’ according  to  this  test  which  is  known  as 
‘ Clarke’s  test,’  it  is  meant  that  water  possesses  as  many 
degrees  of  hardness  as  would  be  imparted  to  it  by  so  many 
grains  of  carbonate  of  lime.  For  instance,  ‘ one  degree  of 
hardness  ’ means  that  degree  of  hardness  which  would  be 
imparted  by  one  grain  of  carbonate  of  lime  in  a gallon  of 
distilled  water. 

It  'does  not,  however,  actually  follow  that  waters  do  contain 
the  proportion  of  lime  indicated  by  the  particular  degree  of 
hardness  attached  to  them,  but  they  have  such  a degree  of 
hardness  as  would  be  imparted  to  them  if  they  contained  such 
quantity  of  lime. 

Water  for  domestic  purposes  should  be  sufficiently  soft 
to  allow  of  comfortable  and  economical  use  for  washing 
purposes  and  should,  therefore,  not  exceed  20  degrees  of  total 
hardness  nor  6 degrees  permanent  hardness.  A water 
which  has  more  than  10  degrees  of  c hardness  ’ is  usually 
called  a ‘ hard  ’ water  and  water  below  that  degree  is  called 
‘ soft  ’ water. 

It  has  been  thought  that  hard  waters  were  prejudicial  to 
health,  but  this  has  never  been  shown  to  be  the  case  and  as 
a fact  hard  waters  are  very  often  preferred. 

The  question,  as  to  whether  hard  or  soft  waters  are  best 
for  a town’s  supply,  has  been  much  discussed  both  in  France 
and  Austria.  A Commission  of  Chemists  on  the  water-supply 
of  Paris  rejected  a soft  water  for  a hard.  They  did  so, 
because  they  considered  that  water  supplied  to  a large  city 
should  possess  certain  qualities  which  a very  soft  water  rarely 
possesses.  At  Vienna  a similar  preference  was  shown ; a 
commission  declared  in  favour  of  a water  of  12-6  degrees 
of  hardness. 

The  general  characteristics  of  a hard  water  which  render 
it  better  adapted  for  the  supply  of  a town  are  these  : it  is 
generally  bright  and  clear  and  well  minted,  it  is  pleasant 
to  the  eye  and  grateful  to  the  palate.  In  the  next  place  it  is 
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not  supposed  to  absorb  foul  gases.  It  is  generally  so  charged 
with  gases  that  it  has  little  or  no  tendency  to  absorb  others. 
It  is  not  liable  to  putrefaction  : the  organic  matter  is  small 
and  is  better  preserved  than  it  would  be  in  a soft  water. 


Examples  of  degrees  of  hardness. — The  following 
tablo  shows  the  hardness  of  somo  supplies  used  for  domestic 
purposes : — 


Degrees  of  hardness. 

Temporary. 

Permanent. 

Windermere  lake 

1-6 

2-4 

Loch  Katrine  (Glasgow) 

• • • 

0-9 

The  Thames  (Reading) 

12-8 

8-2 

Do.  (Hampton) 

179 

6-6 

Red  Hills  Tank  (Madras) 

2-8 

35 

Vigai  (Madura) 

GT> 

0-3 

Vennar  (Tanjore) 

03 

1-7 

Addni  Tank 

07 

1-4 

Air  necessary  in  water. — Air  is  very  necessary  to 

render  water  palatable  : as  a case  in  point,  distilled  water  in 
which  air  is  deficient  is  not  pleasant  to  the  taste.  Air  can 
always  be  artificially  supplied  to  water  by  forcing  it  in,  or  by 
letting  the  water  fall  in  small  streams  from  as  great  a height 
as  possible. 

The  impurities,  which  are  found  in  water,  may  be  divided 
into  two  classes — suspended  and  dissolved. 

Suspended  impurities. — Suspended  impurities  may  be 
inorganic  or  organic,  the  former  comprising  silica,  clay,  chalk 
or  other  mineral  matters.  Such  matters  may  produce  diar- 
rhoea, dysentery,  &c.  Tank  and  river  waters,  when  turbid 
after  rain,  are  to  be  avoided.  Organic  impurities  consist  of 
the  debris  of  animal  and  vegetable  organisms,  living  animal- 
culm,  faecal  and  excrementitious  matters  by  which  cholera  and 
other  diseases  are  propagated.  Suspended  impurities  can  be 
detected  by  the  eye,  if  the  water  is  put  into  a long  glass  tube 
and  then  held  between  the  eye  and  the  light ; they  usually 
subside  within  24  hours  and  can  then  be  examined  by  the 
microscope. 

Dissolved  impurities. — Dissolved  impurities  may  be 
gaseous  or  solid  ; the  gaseous  substances  are  air,  carbonic  acid, 
ammonia,  sulphuretted  hydrogen,  and  marsh  gas. 

Carbonic  acid  in  water. — Carbonic  acid  gives  the 

water  a sparkling  appearance  and  can  be  injurious  only  when 
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it  enables  water  to  hold  in  solution  large  quantities  of  cal- 
cium, magnesium,  &c. 

Free  ammonia. — Free  ammonia  is  derived  from  the 
decomposition  of  nitrogenous  organic  matters,  chiefly  animal, 
in  the  water  itself.  It  is  almost  always  present  and  is  not  itself 
dangerous.  If  it  is  present  in  considerable  quantities,  it  indi- 
cates pollution  by  urine,  as  urea  (one  of  the  chief  constituents 
of  urine)  undergoes  an  easy  process  of  fermentation  which 
converts  it  into  carbonate  of  ammonia. 

Sulphuretted  hydrogen. — Sulphuretted  hydrogen  is 
the  result  of  a chemical  combination  between  sulphates  in 
solution  and  organic  matter.  The  peculiar  odour  of  this  gas 
renders  its  presence  easily  detected. 

Marsh  gas. — Marsh  gas  is  evolved  in  the  slow  decom- 
position of  vegetable  matter  when  air  is  excluded.  Its  pre- 
sence is  not  supposed  to  be  mischievous. 

Dissolved  solid  impurities.-— Dissolved  solid  impuri- 
ties may  be  organic  or  inorganic.  The  former  are  taken  up 
from  the  soil  through  which  the  water  has  flowed,  or  from 
animal  or  vegetable  matter  in  the  water  itself,  or  by  infiltra- 
tion from  burial  grounds  and  other  polluted  places,  or  from 
sewage  matters.  The  latter  consist,  amongst  other  matters, 
of  sodiums,  calciums,  magnesiums,  iron,  lead  in  combination 
with  chlorine,  sulphuric,  nitric,  and  other  acids. 

Chlorine  indicative  of  sewage. — The  amount  of 
chlorine  in  drinking  water  is  of  itself  of  little  importance, 
since  it  is  common  salt ; if,  therefore,  some  be  taken  in 
water  it  is  of  no  consequence,  but  the  presence  of  chlorine  in 
water  is  indicative  of  sewage  contamination.  The  reason  for 
this  is  that  natural  water  is  often  almost  free  from  chlorine 
while,  on  the  other  hand,  urine  and  sewage  are  highly 
charged  (comparatively  speaking)  with  chlorine.  If,  there- 
fore, a water  has  no  chlorine,  it  cannot  have  been  contami- 
nated with  sewage ; hence,  from  the  amount  of  chlorine,  the 
purity  of  water  can  be  judged  or  measured,  but  only  to  a 
certain  extent,  for  the  absence  of  chlorine  is  no  gauge  in 
respect  to  vegetable  contamination. 

Carbonic  acid  and  carbonates  hurtful  in  too  great 
quantities. — AVhen  speaking  of  hard  and  soft  water,  it  was 
pointed  out  that  the  hardness  was  due  to  a considerable 
amount  of  carbonic  acid  gas,  and,  when  referring  to  this 
impurity,  it  was  stated  that  it  was  not  hurtful  unless  it 
retained  too  great  a quantity  of  carbonates  of  calcium  and 
magnesium;  these  are  two  of  the  impurities  to  be  found 
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included  amongst  inorganic  dissolved  solids  and  neither 
should  be  present  in  too  great  a quantity. 

Analysis  of  water. — The  analysis  of  water  is  a most 
important  duty  whether  in  regard  to  water  proposed  to  ho 
selected  as  a supply  to  towus  or  villages,  or  to  existing 
supplies  ; ordinary  examinations  other  than  those  preliminary 
as  to  colour,  taste,  odour,  and  clearness  should  be  left  to 
duly-qualified  officers.  The  preceding  paragraphs  have,  there- 
fore, been  written  with  tho  view  of  giving  information  to 
those  who  may  occasionally  have  the  results  of  water  analysis 
placed  before  them  rather  than  with  the  idea  of  including 
in  this  work  details  as  to  how  quantitative  and  qualitative 
water  analysis  should  be  conducted. 

Form  of  report  on  potable  water. — The  report  on 
potable  water,  which  is  usually  obtained  from  the  office  of 
tho  Chemical  Examiner,  Madras,  is  as  follows  : — 

1.  Total  solids,  in  grammes  per  litre  . . = — 

■f  >UUU 

2.  Volatile  solids,  do.  , . = — — 

1,000 

3.  Chlorine,  do.  . . = — 1 — 

1,000 

4.  Total  hardness,  in  degrees  (Clarke). 

5.  Permanent  hardness,  in  degrees  (Clarke). 

6.  Free  ammonia,  in  millegrammes  per  litre.  = ^ qqq  oqo 

7.  Albumenoid  ammonia,  do.  = _ 

1,000,000 

8.  Nitric  acid,  do.  = — JL 

1,000,000 

[Note. — There  are  1,000  grammes  in  a litre,  therefore  the  ratio  of 
grammes  to  a litre  is  1 to  1,000;  similarly  there  are  70,000  grains  in  a 
gallon,  therefore  the  ratio  of  grains  to  a gallon  is  1 to  70,000.  The  one 
proportion  is  to  the  other  as  1 to  70,  so  that  by  multiplying  the  first  by  70 
will  give  the  second.  To  bring  grammes  per  litre  into  grains  per  pint, 
multiply  by  8'75.] 

Albumenoid  ammonia. — It  will  be  noticed  that,  though 
free  ammonia  has  been  spoken  of  as  one  of  the  impurities 
in  water,  no  mention  was  made  of  albumenoid  ammonia. 
Chemists  have  a method  of  estimating  the  quantity  of  danger- 
ous nitrogenous  substances  in  water  by  finding  out  with  great 
accuracy  the  amount  of  ammonia  it  yields  when  submitted 
to  a particular  treatment.  Substances  of  the  same  class  as 
albumen  or  white  of  egg  and  gelatine  aro  productive  of 
ammonia  by  the  same  treatment ; any  ammonia  so  produced 
is  called  albumenoid  ammonia,  that  is  to  say,  ammonia 
derived  from  substances  resembling  albumen  or  what  is 
equivalent  to  ammonia  resulting  from  the  destruction  of 
animal  contamination.  If  a water  has  a considerable  amount 
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of  albumenoid  ammonia  and  there  be  little  or  no  free 
ammonia,  the  impurity  is  probably  of  vegetable  origin  and 
if  chlorine  is  absent  almost  certainly  so.  Albumenoid 
ammonia  co-existing  with  free  ammonia,  chlorine  and  nitric 
acid,  shows  the  impurity  as  of  animal  origin  and  therefore 
very  dangerous. 

Absence  of  chlorine  shows  non-contamination 
by  animal  matter. — What  is  to  be  presumed  from  the 
presence  of  chlorine  in  water  has  been  stated.  An  absence 
of  chlorine  shows  that  the  water  has  not  been  contaminated 
by  animal  matter,  so  that,  if  there  be  much  organic  ammonia 
with  an  absence  of  chlorine,  it  may  be  concluded  that  the 
water  is  contaminated  by  vegetable  matter.  Chlorine  may, 
of  course,  be  present  in  water  in  large  quantities,  and  yet 
the  water  may  be  perfectly  pure.  Such  would  be  the  case 
where  the  water  is  procured  from  land  where  salt  abounds. 

Nitric  acid  is  a result  of  the  decomposition  of  nitro- 
genous organic  matter  (recent  pollution  being  shown  by 
albumenoid  ammonia)  which,  as  decomposition  proceeds,  is 
replaced  by  free  ammonia  and  nitric  acid.  Nitric  acid  may 
be  derived  from  nitre  deposits  in  the  soil.  It  renders  water 
likely  to  act  on  lead.  The  other  impurities  mentioned  above 
have  already  been  dealt  with. 

The  following  table  will  be  of  use  when  studying  the 
results  of  water  analysis  : — 


Nature  of  impurity  and 
how  stated. 

Good  water 
contains  not 
more  than 

Usable 
water  con- 
tains not 
more  than 

Suspicious 
water  contains 
not  more  than 

Total  solids,  grammes  per 
litre. 

0-071 

0-428 

0-714 

Yolatile  solids,  grammes 
per  litre. 

0014 

0043 

0071 

Chlorine,  grammes  per 
litre. 

0014 

0-043 

0071 

Total  hardness,  degrees, 
Clarke. 

G° 

12* 

20° 

Permanent  hardness,  de- 
grees, Clarke. 

2° 

4° 

6° 

Free  ammonia,  millegram- 
mes  per  litre. 

0-02 

005 

1-00 

Albumenoid  ammonia, mil- 
legrammes  per  litre. 

0-05 

o-io 

1-25 

Nitric  acid,  millegrammes 
per  litre. 

032 

5-00 

1000 

The  total  solids  include  all  the  solid  impurities — suspended 
and  dissolved,  organic  and  mineral;— the  volatile  solids 
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consist  mainly  of  organic  matter  and  may  be  regarded  as  a 
measure  of  its  amount. 

Collection  of  water  for  analysis.  — In  order  to 
obtain  accurate  results  by  analysis,  an  important  preliminary 
step  is  tko  proper  collection  of  the  water,  in  which  operation 
the  greatest  care  is  not  only  desirable  but  also  necessary.  The 
quantity  of  water  taken  for  analysis  should  not  be  less  than 
half  a gallon.  One  glass -stoppered  bottle  should  be  used,  if 
this  is  not  available  then  two  or  three  clear  ordinary  glass 
bottles  with  new  corks ; the  bottles  ought  to  be  thoroughly 
cleansed  before  being  filled  and  this  may  be  done  by  pouring 
into  the  bottle  a little  strong  sulpkurio  acid  and  allowing 
it  to  flow  over  the  inner  surface,  afterwards  adding  water 
and  shaking  it  about  until  the  acid  has  disappeared.  The 
bottle  should  be  nearly  filled,  but  not  quite,  with  the  sample. 
The  stopper  should  be  tied  down  with  a piece  of  linen  or 
calico,  and  then  sealed,  and  despatched  for  examination  as 
soon  as  possible.  In  taking  water  from  a river  or  tank,  the 
mouth  of  the  bottle  should  be  kept  closed  until  some  little 
distance  below  the  surface.  In  deep  tanks  it  may  be  advis- 
able to  take  samples  at  various  depths ; this  may  be  done  by 
means  of  a bottle  arranged  with  a valve  which  can  be 
opened  when  it  has  sunk  to  the  required  depth.  In  collect- 
ing water  from  street  mains,  the  water  ought  to  be  allowed 
to  run  a little  from  the  taps  before  reception  in  the  bottle. 
Collections  of  samples  for  analysis  ought  never  to  be  entrusted 
to  a secant. 

Preliminary  tests  of  water. — While,  as  previously  * 
stated,  it  is  not  only  desirable  but  imperative  that  water  for 
potable  purposes  should,  before  any  source  of  supply  is 
selected,  be  analysed  by  well-qualified  sanitary  specialists,  it 
is  at  the  same  time  also  desirable  that  sanitary  officers  should 
be  able  to  make  preliminary  observations  and  the  following 
rules,  based  on  rules  in  the  late  Dr.  MacNally’s  Sanitary 
Hand-book,  will  be  found  useful,  it  being  presumed  that 
the  source  has  been  examined  with  reference  to  possible 
contamination  due  to  its  site  or  surroundings. 

1 . Collect  the  water,  observing  the  precautions  already 
laid  down. 

2.  Examine  the  water — 

(1)  In  respect  to  clearness  and  colour,  this  may  be 
reckoned  comparatively  by  observing  the  depth 
of  water,  as  compared  with  distilled  or  other 
known  waters,  through  which  a newspaper  can 
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be  read.  Note  whether  there  are  any  distin- 
guishable objects,  such  as  worms,  leaves,  insects, 
&c.,  and  if  there  be  any  sediment  whether 
compact  or  flocculent. 

(2)  In  respect  to  taste  by  swallowing  a portion. 

(3)  In  respect  to  odour  by  shaking  up  a portion  of  the 

water  in  a clean  wide -mouthed  bottle  ; if  none 
is  detected  the  water  should  be  set  aside  and 
again  examined  after  24  hours  have  elapsed. 

3.  Microscopic  examination  may  be  made  and  it  should 
be  noted  whether  the  sediment  contains  evidence  of  contami- 
nation such  as  rice  or  other  grain,  hair,  fibres,  wool,  &c. 

4.  The  water  may  be  chemically  examined  thus  • — 

( 1 ) For  reaction  (acidity  or  alkalinity)  by  the  immer- 
sion of  blue  and  red  litmus  paper  in  the  water.  Grood  water 
ought  to  be  neutral  or  faintly  acid  (from  carbonic  acid). 
The  papers  should,  therefore,  remain  unchanged  in  colour  or 
the  blue  paper  become  purple  or  faintly  reddish.  If  the 
red  paper  becomes  purple  cr  blue,  the  water  is  alkaline.  A 
strongly  acid  or  any  alkaline  reaction  should  condemn  a 
water  unless  the  cause  is  known  to  be  harmless. 

(2)  To  test  for  organic  matter,  obtain  two  white  glass 
bottles,  a solution  of  1 grain  to  2 ounces  of  water  of  perman- 
ganate of  potash  and  some  distilled  water.  Fill  into  each  of 
the  bottles  the  same  quantity  of  water,  into  one  bottle  the 
distilled  water,  into  the  other  the  water  to  be  examined.  Add 
to  each  a portion  of  the  solution  drop  by  drop  until  a pink 
tinge  is  acquired.  Place  both  bottles  against  a sheet  of  white 
paper  and  examine  for  a quarter  of  an  hour.  The  loss  of  the 
pink  colour  rapidly  shows  the  water  examined  to  contain  a 
large  amount  of  organic  matter  probably  animal,  if  it  loses 
its  colour  slowly  the  organic  impurity  is  more  probably  vege- 
table ; if  the  pink  colour  remains,  the  water  contains  little 
organic  impurity.  If,  however,  a water  has  iron  in  it,  this 
will  cause  the  loss  of  the  colour. 

To  detect  iron  in  a water ; if  in  any  quantity  the 
taste  will  indicate  its  presence  , if  in  small  quantity,  eva- 
porate a portion  of  the  water  to  dryness  and  add  a drop 
of  solution  of  potassium  ferrocyanide  to  the  residue ; a blue 
colour  indicates  the  presence  of  iron . 

. r^°1  ammonia  in  a water.  Obtain  Nesseler’s  solu- 

tmn  which  is  made  as  follows  : — 30  grains  potassium  iodide 
and  10  grains  mercuric  chloride  are  dissolved  in  a pint 
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of  warm,  distilled  or  rain  water ; a strong  solution  of  mer- 
curic chloride  is  added  drop  by  drop,  stirring  until  a slight 
red  precipitate  is  formed.  150  grains  of  caustic  potash  is  now 
added  and  finally  a little  more  mercuric  chloride  solution 
until  a slight  preoipitate  is  produced.  Allow  this  to  subside 
and  decant  the  clear  solution  for  use.  Drop  a little  of  the 
solution  into  the  water.  A yellow  or  brown  colour  indicates 
the  presence  of  ammonia  or  its  salts.  If  a white  milky 
precipitate  is  produced,  lime  or  magnesia  is  present.  This 
test  is,  therefore,  a double  one,  the  depth  of  brown  or  yellow 
colour  depending  on  the  amount  of  ammonia,  and  the  degree 
of  hardness  on  the  amount  of  the  whitish  precipitate. 

To  test  for  chlorides,  add  to  the  water  in  a test  tube 
a few  drops  of  nitrate  of  silver  acidulated  with  nitric  acid  ; 
the  presence  of  chlorides  will  be  shown  by  a milky  haze  or 
precipitate. 

To  test  for  sulphates,  add  to  the  water  in  a test  tube 
some  drops  of  barium  chloride  acidulated  with  hydrochloric 
acid.  Shake  up  and  if  a haze  is  produced,  sulphates  are 
present. 

Magnesium  salts  are  indicated  by  the  production  of  a 
similar  cloudiness  on  shaking  after  the  addition  of  ammonia 
solution  to  a water. 

The  inferences  to  be  drawn  from  the  above 
examination  and  tests  are — 

(1)  Colour,  turbidity,  odour  or  taste  may  be  a sufficient 
reason  for  the  rejection  of  a water,  but  a colourless,  odourless, 
or  tasteless  water  is  not  necessarily  pure  and  fit  for  consump- 
tion. 

(2)  Strong  acid  or  alkaline  reactions  should  condemn  a 
water,  unless  the  reason  is  known  to  be  harmless. 

(3)  Water,  which  rapidly  decolourises  permanganate 
of  potash,  is  dangerous  from  the  presence  of  organic  matter 
unless  iron  is  present. 

(4)  Water  in  which  there  is  a well-marked  colour  pro- 
duced in  the  ammonia  test  is  polluted,  as  ammonia  is  usually 
derived  from  the  decomposition  of  nitrogenous  organic  matter. 
If  there  is  much  whito  precipitate  produced,  the  waier  is  bad 
for  cooking  and  washing,  but  may  be  suitable  for  drinking,  if 
magnesium  salts  are  not  indicated  by  the  test  for  these  salts. 

(5)  Chlorides  are  present  in  most  waters,  a large  quantity 
shows  the  water  is  brackish.  This  quality  may  be  derived 
from  the  soil  or  it  may  be  animal  impurity.  Thus  a con- 
siderable quantity  of  chlorides  alone  cannot  condemn  a water. 
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(6)  The  presence  of  sulphates  is  evidence  of  dangerous 
mineral  or  organic  contamination. 

(7)  Magnesium  in  sufficient  quantity  to  give  turbidity 
ought  to  condemn  a water. 

Such  tests  and  considerations  will  afford  a basis  for  opi- 
nion as  to  the  suitability  or  otherwise  of  water,  but  in  no  case 
should  any  source  of  supply,  especially  for  domestic  purposes, 
be  decided  upon  imtil  a complete  analysis  by  a chemist  has 
been  obtained.  It  is  advisable  also  to  have  the  water  drawn 
from  a proposed  source  at  various  times  of  the  year,  so  that 
the  effect  of  seasonal  variations  may  be  noticed,  and  it  is 
no  less  necessary  that  town  supplies  should  be  regularly  and 
carefully  examined  so  as  to  guard  against  contamination  and 
to  ensure  the  continued  efficiency  of  the  means  taken  to 
prevent  contamination. 

While  chemical  examination  is  the  ordinary  method  of 
detecting  impurities  in  water,  there  has  lately  been  intro- 
duced what  is  known  as  the  biological  test  which  consists 
in  the  cultivation,  according  to  Koch’s  methods,  of  the 
microbes  contained  in  water.  The  number  of  microbes  in  a 
measured  quantity  of  water  are  counted,  but  there  are  no 
ready  means  of  distinguishing  disease  causing  microbes  from 
those  which  are  harmless  to  man.  The  system  has  not 
yielded  very  practical  results  and  therefore,  while  it  may  be 
a useful  auxiliary  test,  it  is  not  likely  for  the  present  to 
supersede  chemical  examination. 

• Ice,  &C. — Ice  may  be  made  of  decomposing  impure 
water  or  water  drawn  from  the  town  mains  may  be  stored  in 
imperfectly-protected  reservoirs  or  tanks  before  use.  iErated 
waters  may  also  be  made  of  impure  water,  the  fact  of  im- 
pregnating the  water  with  gas  not  giving  any  security,  but 
it  has  been  stated  recently  that  such  waters,  a week  or  ten 
days  after  manufacture,  become  pure  even  though  made  with 
impure  water.  The  statement  is  to  be  received  with  caution. 

Effects  of  use  of  polluted  water.— Polluted  water 
is  one  of  the  most  fruitful  sources  of  disease.  Cholera  and 
typhoid  can  undoubtedly  be  transmitted  from  one  person  to 
a whole  community  through  its  agency.  The  effect  of  the 
introduction  of  purer  supplies  is  everywhere  very  marked. 

Before  the  introduction  of  the  Red  Hills  water  to  Madras 
and  when  it  was  chiefly  dependent  on  wells  for  its  supply,  the 
average  deaths  from  cholera  was  1,400  per  annum ; after  the 
introduction,  200  per  annum,  but  the  Red  Hills  supply  is  not 
so  pure  as  it  ought  to  be.  Nagpore,  which  used  to  have  some- 
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times  as  many  as  420  deaths  per  annum,  had,  on  the  first  year 
after  the  opening  of  its  water  works,  only  one  death  and  the 
deaths  from  cholera  since  (up  to  1881)  had  not  exceeded  60. 
In  Bombay  and  Calcutta  the  reduction  in  the  death-rate,  after 
the  introduction  of  water-supplies  and  other  sanitary  improve- 
ments, was  most  marked. 

The  following  table  shows  the  total  death-rate  in  certain 
towns  in  England  before  aud  after  the  introduction  of  water- 
supplies  : — 


; 

Population. 

Expenditure 
on  water- 

Death-rate  per 
thousand. 

supply. 

Before. 

After. 

Chester 

39,569 

£74,816 

30 

233 

Hall  

149,000 

£215,000 

31 

16 

Manchester 

1,000,000 

£2,850,000 

33 
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Purification  of  water. — It  is  the  duty  of  the  Engineer 
with  the  aid  of  the  Health  officer,  to  provide  towns  and 
villages  with  unpolluted  supplies,  but  of  some  towns  and 
villages  the  circumstances  arc  such  that  new  or  improved  sup- 
plies may  be  unattainable.  The  improvement  of  existing 
supplies  may  require  works  of  considerable  magnitude,  but  a 
description  of  these  appertains  more  particularly  to  another 
chapter  of  this  volume.  Some  methods  of  purification  of 
water  may,  however,  be  mentioned  here  which  can  be  adopted 
in  order  to  make  water  suitable  and  safe  for  domestic  use. 

Boiling. — The  first  is  boiling ; this  is  perhaps  the  most 
effective  method  as  it  is  the  safest,  the  action  of  boiling 
precipitates  carbonates  in  solution,  expels  gases  and  destroys 
animal  and  vegetable  origins. 

Distillation. — If  to  boiling  distillation  (that  is  the 
turning  of  the  whole  water  into  steam  and  the  reception  and 
condensation  of  the  steam  in  another  vessel)  be  added,  water 
nearly  absolutely  pure  will  be  obtained.  This  method  is 
sometimes  used  for  the  supply  of  towns  and  on  boardship  as 
sea  water  can  be  distilled  and  a pure  supply  obtained. 

Precipitation  of  suspended  matters  in  water  can  be 
obtained  by  four  or  five  grains  of  alum  per  gallon.  The 
fruit  of  the  strychnos  potatorum , when  rubbed  on  the  inside 
of  a vessel  containing  suspended  impurities,  has  a similar 
effect. 
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Filtration  is  the  most  common  method  of  purifying 
water  both  on  a large  and  small  scale.  The  slower  the 
filtration  the  more  effective  it  is.  Charcoal,  sand,  and  other 
substances  are  used.  The  three-chatty  filter  is  the  most  com- 
mon method  in  India,  the  upper  chatty  being  half  filled  with 
charcoal,  the  centre  with  sand,  the  lower  holding  clear  water 
only.  It  has  been  lately  stated  that  the  use  of  charcoal  is 
neither  advisable  nor  necessary  and  that  indeed  its  effects  are 
not  beneficial.  Filtration  twice  through  sand  would  be  more 
effective.  It  is  not  desirable  to  clean  filters  too  often,  the 
reason  for  this  will  be  found  on  a later  page ; in  fact,  filters 
should  be  cleaned  only  when  they  fail  to  pass  sufficient  water 
through  them  at  a proper  rate.  Sand  from  filters  should  be 
washed,  heated  and  then  returned  to  the  chatties,  but  the 
filtration  will  not  be  efficient  for  the  first  two  or  three  days 
after  cleansing. 

By  careful  filtration  and  after  boiling,  water  can  be  ren- 
dered almost  safe,  and  in  times  of  epidemic,  boil  your  ice 
even,  is  not  bad  advice  to  give. 

FOOD. 

There  is  no  duty  which,  it  is  more  important,  should  be 
efficiently  performed  than  the  prevention  of,  the  sale  or  con- 
sumption of,  unwholesome  food,  unfit  for  human  consump- 
tion. The  following  pages  therefore  are  devoted  to  a descrip- 
tion of  those  diseases  in  animals,  which  render  their  carcasses 
unfit  for  consumption,  and  those  conditions,  in  fruits,  vegetable, 
grains,  &c.,  in  which  the  sale  and  consumption  should  be 
prevented. 

I. — Live  Animals. 

All  animals  brought  for  slaughter  should  comply  with  the 
following  conditions  : — 

The  animal  should  not  be  very  thin  ; it  should  be  able  to 
rise  without  difficulty  and  walk  without  lameness.  Its  coat 
should  be  in  good  condition,  its  skin  elastic  and  without  sores, 
scabs  or  boils.  Its  eye  should  be  bright,  its  mouth  and  nostrils 
moist  but  without  discharge.  It  should  breathe  easily  and 
almost  without  noise;  its  breath  should  be  without  odour. 
It  should  not  appear  to  be  in  any  pain. 

II- — Meat  and  Carcasses. 

Good  meat  is  firm  and  elastic  to  the  touch,  moist  but  not 
wet,  and,  except  in  the  case  of  pork,  veal  and  lamb,  bright  red 
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in  colour.  If  well  fed  it  has  sometimes  a streaked  appearance 
from  layers  of  fat  in  the  flesh.  It  has  a fresh  and  not  dis- 
agreeable smell.  The  fat  should  contain  no  watery  juice; 
the  suet  fat  should  be  hard  and  white. 

A sound  healthy  carcass  should  he  stiff  as  soon  as 
thoroughly  cool.  It  should  be  well-bled  and  no  part  of  it 
darker  than  another.  The  red  flesh  on  being  pressed  with  the 
finger  should  not  ‘ gut  ’ (leave  a hole),  as  this  would  indicate 
the  presence  of  water,  nor  should  it  crackle  as  that  would 
indicate  air ; other  points  to  which  attention  should  be  directed 
are  — 

(1)  The  tongue  and  mouth  should  be  free  from 

blisters  and  dark  spots. 

(2)  The  lungs  should  be  of  a bright  pink  colour  free 

from  pus  or  worms.  A portion  cut  off  should 

float  in  water. 

(3)  The  heart  should  not  be  yellow  or  have  dark 

spots. 

(4)  The  liver  should  be  of  a rich  brown  colour  and  free 

from  abscesses  and  flukes. 

(5)  The  spleen  should  be  of  a dark  colour  inside,  grey 

on  the  outside  long  and  thin. 

(6)  The  stomach  should  not  be  red  ; the  lining  should 

not  come  readily  off. 

(7)  The  bowels  should  have  a smooth  whitish  lining 

and  free  from  dark  or  purple  spots  or  ulcers. 

(8)  The  hoofs  should  be  firmly  attached  to  the  feet. 


III. — Meat  unfit  for  Food. 

There  are  three  conditions  owing  to  which  meat  may  bo 
unfit  for  food  : — 

(1)  By  decomposition  through  having  been  kept  too 

long. 

(2)  It  may  be  got  from  an  animal  which  has  died  a 

natural  death  or  slaughtered  when  in  a dying 
state. 

(3)  It  may  come  from  an  animal  affected  by  disease 

communicable  or  injurious  to  man,  or  from  a 
poisoned  animal. 

The  first  condition  is  shown  mainly  by  a bad  smell,  the 
outside  is  pale  and  bluish  and  at  a later  stage  greenish. 

The  second  condition  is  indicated  by  the  dark  colour  of 
the  meat,  the  amount  of  blood  and  by  the  carcass  setting  badly. 
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The  third  condition  is  the  one  most  difficult  to  detect  and 
the  detection  and  seizure  of  such  meat  is  one  of  the  most 
trying  duties  of  Sanitary  officers,  and  to  enable  an  officer  to 
carry  out  such  work  efficiently  he  must  have  some  acquaintance 
with  the  various  diseases  ; he  must  observe  closely  and  be 
able  to  judge  properly  of  what  he  sees. 


IV. — Diseases  of  Animals. 

The  most  common  diseases  affecting  animals  are  cattle 
plague,  anthrax,  foot-and-mouth  disease,  flukes,  tubercule ; 
these  diseases  can  be  detected  by  signs,  apparent  to  the  naked 
eye,  of  the  internal  organs  thus — 

Cattle  plague. — Congestion  of  the  inside  surface  of  the 
stomach  and  intestines  which  may  be  covered  with  blood 
spots  and  blotches.  Often  large  portions  of  these  surfaces  have 
peeled  away  leaving  the  inner  parts  exposed.  The  wind-pipe 
and  bronchi  may  also  be  similarly  affected,  the  heart  flabby 
and  blood  not  fully  clotted.  The  flesh  is  quite  unfit  for  food. 

Anthrax. — The  blood  is  black,  not  congealed,  and  dif- 
fused through  the  tissues.  The  spleen  is  much  swollen  and 
may  have  burst.  Liver,  kidneys  and  lungs  are  congested 
and  marked  with  points  and  blotches  of  blood.  The  flesh  is 
quite  unfit  for  food. 

Foot-and-mouth  disease.  — There  are  blisters  on  the 
tongue  and  inside  of  mouth  tending  to  form  ulcers.  Nothing 
is  specially  characteristic  in  the  appearance  of  the  internal 
organs.  The  udder  and  teats  are  blistered  and  ulcerated, 
also  the  split  in  the  hoof.  There  is  a difference  of  opinion  as 
to  whether  the  flesh  of  animals  so  affected  is  fit  for  food. 

Flukes. — These  are  visible  in  the  sheep’s  liver  and  look 
something  like  minute  plaice.  There  is  evidence  to  show 
that  the  flesh  may  be  eaten  with  impunity  more  particularly 
when  salted  and  dried.  Authorities  differ  as  to  this. 

Tubercle. — There  is  very  little  doubt  that  this  disease 
renders  the  flesh  of  an  animal  unfit  for  food  and  dangerous  to 
man.  It  has  lately  been  determined  that  the  disease  in  man 
and  cattle  is  identical,  and  the  importance  of  this  fact  cannot 
be  overrated,  because  in  England  one-fifth,  in  Madras  one- 
fortieth  and  in  Paris  in  1880  one-fourth  of  the  entire  mortality 
is  due  to  tuberculous  maladies.  It  has  been  held  that  the 
removal  of  the  diseased  parts  of  an  animal  is  not  a sufficient 
safeguard,  and  that  where  an  animal  is  affected,  the  whole 
carcass  must  be  destroyed. 
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Tiio  Talmud,  a commentary  on  the  Mosaic  law,  whose 
ordinances^are  of  equal  authority,  proscribes  an  examination 
of  the  principle  organs  of  animals  especially  the  lungs  and 
requires  the  rejection  of  such  as  have  adhesions  between  the 
tissuos  of  the  lobes  or  between  them  and  the  ribs,  and  also 
if  there  bo  pustules  disseminated  even  superficially  in  the 
lungs.  The  lining  must  be  insufflated  and  its  expansion,  so 
perfect  that  any  rupture  of  its  substance  suffices  for  its 
condemnation.  These  ordinances  are  obeervod  to  this  day 
b}r  faithful  Jews  and  the  result  is  a peculiar  immunity  of 
their  community  from  tuberculous  diseases. 

Carcasses  of  animals  with  young. — Thero  is  no 
reason  for  pronouncing  these  as  unfit  for  food,  unless  there 
are  signs  of  blood  on  the  brain,  or  milk  fever,  the  carcass 
ill  set,  and  the  meat  pale,  bluish  or  wet,  to  the  touch.  The 
same  rule  holds  good  in  regard  to  animals  killed  by  a blow, 
fall,  choking,  &c. 

Carcasses  of  poisoned  animals. — While  the  flesh 
may  show  no  signs  of  disease,  the  bowels  will  likely  be  of  a 
bright  red  colour  with  red  spots.  The  stomach  especially  the 
first  should  be  examined  for  signs  of  inflammation. 

V. — Poultry  and  Game. 

Poultry 

“ Good  poultry  should  be  firm  to  the  touch,  pink  or 
yellowish  in  colour,  should  be  fairly  plump  and  have  a strong 
skin.  It  has  a fresh  not  disagreeable  smell.  Stale  poultry 
loses  its  firmness,  becomes  bluish  in  colour,  green  over  the  first 
stomach  and  belly,  the  skin  readily  breaks,  and  the  bird  has 
a disagreeable  odour. 

“ Poultry  suffer  much  from  an  offensive  discharge  from 
the  nostrils  and  eyes,  from  worms  in  the  wind-pipe,  from 
worms  in  the  bowels  (guts)  from  so-called  diphtheria  (mem- 
brane in  wind-pipe)  and  many  other  diseases,  but  if  the  bird 
has  been  properly  killed  it  may  bo  passed.  The  only  serious 
disease  of  poultry,  which,  there  is  reason  to  believe,  may  spoil 
the  flesh,  so  as  to  make  it  unfit  for  food  of  man,  is  fowl-cholcra. 
There  is,  however,  little  evidence  of  the  disease  in  birds  care- 
fully prepared  for  the  market.  The  flesh  is  somewhat  redder 
than  natural,  the  liver  probably  softer,  and  the  heart  speckled 
with  red  or  dark  spots  often  inside  and  out.  If  the  bowels 
(guts)  can  be  seen,  they  will  be  inflamed,  with  red  spots  or 
bluish  patches.  Domestic  fowls,  ducks,  turkeys,  geese  and 
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pigeons,  are  all  subject  to  the  disease.  Poultry  affected  with 
this  malady,  unless  in  cases  when  it  proves  very  rapidly  fatal, 
exhibit  signs  of  suffering.  Their  feathers  are  bristling,  their 
wings  droop,  they  sway  from  side  to  side,  drag  their  legs,  eat 
nothing  and  drink  much.  The  comb  is  flaccid  and  blue. 
There  is  diarrhoea,  at  first  glairy,  then  frothy,  and  towards 
the  end  streaked  with  blood. 

Game. 

Game  is  rarely  sold  in  a fresh  condition.  It  is  the 
fashion  to  bring  it  to  market  so  ‘ high  ’ that  it  is  really  in  a 
state  of  active  decomposition,  so  it  cannot  be  seized  unless  it 
is  found  unmistakably  putrid.  Another  point  about  game  is, 
that  it  is  liable  to  a disease  like  fowl-cholera.  It  is  difficult 
for  any  one  but  a medical  officer  to  declare  game  unfit. 


VI. — Fish. 

Stale  fish  is  easy  to  distinguish  from  fresh  fish ; in  the 
latter  the  gills  are  bright  and  red,  in  the  former  pale  and 
discoloured.  The  flesh  of  the  latter  is  stiff  and  elastic ; the 
former  is  soft  and  pasty,  a pressure  by  the  finger  leaves  a 
hollow.  Where  fish  is  so  stale  that  it  smells,  no  further  evi- 
dence is  required. 

VII. — Fruits,  Vegetables  anj>  Grains. 

Fruit. 

Fruit  may  be  subject  to  disease,  or  in  a state  of  decay,  or 
it  may  be  so  unripe  (especially  in  the  case  of  early  windfall 
apples)  as  to  justify  seizure.  Diseased  or  decayed  fruit  is 
known  by  softening,  change  of  colour,  and  external  mould 
(green  coating)  ; fruit  may  bo  bird-bitten  or  insect-bitten  and 
none  the  worse,  except  that  its  appearance  is  spoilt. 

Vegetables, 

Potatoes  and  all  fresh  vegetables  may  also  be  the  subject 
of  disease  or  decay,  and  either  softening  or  change  of  colour, 
or  both,  will  mark  the  parts  affected.  Good  potatoes  are 
firm,  the  colour  is  pale  and  all  alike  and  the  juice  is  acid. 
Inferior  potatoes  are  best  known  by  their  great  lightness. 

Grains , fyc. 

Most  natives  of  India  can  discriminate  between  good  and 
bad  grain.  Rice  is  the  chief  food  and  damaged  rice  is  not 
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often  exposed  for  sale,  though  probably  used  to  some  extent  in 
the  manufacture  of  sweetmeats.  Grains  of  all  kinds  become 
mouldy  from  damp  and  then  aro  more  or  less  unfit  for  food. 
Mouldiness  can  be  recognised  by  discolouration,  and  when 
excessive  by  the  grains  adhering  to  one  another.  Grains 
are  also  attacked  by  insects.  New  rice  is  unwholesome  and 
its  use  ought  to  be  discouraged. 

VIII.— Milk. 

Milk,  gheo  and  curds  constitute  an  important  portion  of 
the  dietary  of  all  classes  of  the  people.  Much  of  the  pre- 
ventable disease  and  mortality  in  our  towns  may,  with  some 
reason,  be  attributed  to  the  unwholesomeness  of  our  milk- 
supply  due  to  the  filthiness  of  cattle-yards  and  their  surround- 
ings. It  requires  no  medical  training  to  understand  that 
the  state  of  filth  in  which  the  cows  are  kept,  the  prevalence 
of  disease  amongst  them  and  their  attendants,  the  foul 
atmosphere  of  the  sheds  in  which  the  milk  is  allowed  to  stand, 
the  extent  to  which,  and  the  sources  from  which,  milk  is 
diluted,  are  conditions  quite  incompatible  with  a pure  supply. 
Milk  is  easily  tainted  by  smoke  gas  or  foul  odours,  and  if 
kept  in  badly-ventilated  places,  soon  becomes  unfit  for  use. 
Milk,  besides  having  water  added  to  it,  is  often  greatly 
adulterated  with  chalk,  rice  and  other  matters.  The  water 
used  for  adulteration  is  likely  to  be  that  from  a well  close  to 
the  cow-sheds  and  which  is  therefore  most  probably  impure, 
or  it  will  be  obtained  from  some  tank  equally  so  in  the 
. neighbourhood.  The  necessity  for  strict  regulations  in 
regard  to  cow-houses,  cattle-yards,  dairies,  &c.,  is  therefore 
evident.  What  these  regulations  ought  to  be,  will  be  found 
considered  in  that  portion  of  this  manual  relating  to  House 
Sanitation. 

Characteristics  of  good  milk. — The  characteristics 
of  pure  milk  are  a white  colour,  absence  of  deposit  and  of 
peculiarity  of  taste  and  odour.  It  should  not  curdle  when 
boiled  or  alter  in  appearance.  Its  specific  gravity  should  not 
fall  below  1,026.  An  instrument  called  a “lactometer”  is 
used  for  this  latter  test. 

Milk  tightly  secured  in  a bottlo  while  boiling  with  a little 
sugar  added  will  keep  for  many  months. 

IX.— Tinned  Provisions. 

Large  quantities  of  tinned  provisions  aro  now  imporeod 
into  this  country.  It  is  the  practice  of  the  larger  dealers  to 
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keep  these  only  a certain  time  in  stock,  if  not  sold  in  the 
ordinary  course  of  business.  When  this  time  has  expired 
these  provisions  find  their  way  to  the  smaller  dealers  and 
up-country  stores.  The  only  guide,  an  Inspecting  officer 
can  have  as  to  the  state  of  the  food  the  tins  contain,  is 
the  condition  of  the  tins  themselves.  If  these  are  hollow  at 
the  ends,  their  contents  are  probably  wholesome ; but  if  on 
the  contrary  they  assume  a convex  shape,  this  is  probably 
due  to  the  gas  generated  by  decomposition. 

An  awl  or  other  sharp  pointed  instrument  thrust  through 
the  tin  will  allow  the  escape  of  the  gas.  Such  puffed  cans 
should  be  confiscated  and  destroyed. 

SOILS. 

Selection  of  village -sites. — The  elevation,  conform- 
ation of  any  ground,  its  vegetation,  its  geological  and  chemical 
structure  are  all  circumstances  which  have  considerable 
bearing  on  the  health  of  persons  living  on  it.  Soils  are  com- 
posed of  mineral  matters  and  near  to  the  surface,  but  often 
to  some  depth,  are  mixed  with  animal  and  vegetable  matters  ; 
this  latter  condition  may  be  found  where  porous  soils  are 
superimposed  on  impermeable  (or  nearly  so)  strata.  The 
denser  soils  such  as  granite,  limestone,  quartz,  &c.,  do  not 
contain  organic  matter  and  comparatively  little  air  or  water. 
The  most  healthy  soils  for  the  erection  of  dwellings  are 
dry,  gravel,  laterite  and  sandy  soils  in  which  there  is  not  an 
excess  of  clay.  Ground  also,  which  is  extremely  hard  and 
non-permeabie,  forms  a not  unhealthy  site.  Damp  porous 
soils,  rich  in  decaying  matter,  are  breeding  grounds  for 
microbes,  and  such  soils  are  exceedingly  unhealthy. 

AIR  AND  WATER  IN  SOIL. 

Sub-soil  air. — Air  and  water  exist  in  all  soils  excepting 
perhaps  in  the  most  dense  rocks.  Air  driven  from  the  soil 
is  in  an  impure  state,  as  it  is  contaminated  by  the  gaseous 
products  of  decaying  matters,  and  it  is  therefore  desirable 
that  such  air  should  be  kept  out  of  dwellings.  The  flow  of 
air  from  the  soil  is  caused  by  two  circumstances  : (1)  the  alter- 
ations of  the  temperature  ; (2)  the  rise  of  the  sub-soil  water. 
To  keep  such  air  and  water  out  of  dwellings,  the  basements 
should  be  rendered  impermeable  ; the  planting  of  trees  and 
herbage  acts  beneficially  both  as  regards  sub-soil  air  and 
water. 
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Sub-soil  water  is  the  water  wliioh  is  found  in  all  porous 
soils.  It  is  found  sometimes  near  the  surface,  but  often  not 
for  some  distance  * below  it  owing  to  the  nature  of  the  soil 
in  which  it  is.  The  greater  depth  at  whioh  it  is  found  the 
more  healthy  tho  site,  but  large  or  finite  alterations  in  the 
level  of  the  sub-soil  water  cause  unhealthiness.  Sub-soil 
water  is  not  usually  in  a stagnant  condition,  but  flows  towards 
valleys  where  it  finds  its  outlet  in  rivers,  &c.  ; where  the 
slope  of  the  strata  (independent  of  the  slope  of  the  country) 
is  quick,  the  sub-soil  water  has,  of  course,  a greater  velocity, 
and  ground  over  such  strata  is  more  healthy  than  where  the 
strata  are  less  inclined.  The  velocity  of  sub-soil  water  is 
extremely  small,  probably  not  exceeding,  in  ordinary  circum- 
stances, 100  feet  per  diem.t  Great  fluctuations  occur  in  the 
lovel  of  the  sub-soil  water,  when  the  valleys  towards  which 
it  flows  are  flooded  at  the  same  time  as  the  land,  from 
whioh  the  sub-soil  water  is  derived,  is  suffering  from  oxcessive 
rainfall  or  when  the  strata  arc  called  upon  to  carry  off  a 
quantity  of  rainfall  derived  from  an  area  to  which  they  do 
not  extend  as  might  bo  the  case  with  strata  outcropping  at 
the  bottom  of  an  extensive  range  of  hills. 

A soil  in  which  the  sub-soil  water  is  high  and  fairly  steady 
is  more  healthy  than  a soil  with  the  sub-soil  water  showing 
great  fluctuations.  Certain  classes  of  diseases  are  rife  when 
the  sub-soil  water  is  rising,  thus  expelling  the  ground  air,  and 
another  set  of  diseases  when  the  reverse  action  takes  place : 
thus  it  is  believed  that  enteric  fever,  cholera,  diarrhoea  and 
dysentery  are  prevalent  at  the  time  of  low  sub-soil  water,  while 
small-pox  is  said  to  prevail  after  a long  draught  and  sudden 
rising  of  the  sub-soil  water.  Typhoid  fever  is  said  to  be  more 
prevalent  with  a falling  or  low  sub-soil  level  and  it  has  been 
noted  that  a very  low  Nile  marks  an  unhealthy  period.  The 
general  conclusions  are,  therefore,  that  disease  is  increased 
not  by  absolute  height  of  sub-soil  water,  though  a low  level 
is  generally  contemporaneous  with  unhealthy  years,  but  that 
it  is  the  fluctuation  of  the  level  of  the  water  which  causes  an 
increase  in  tho  various  diseases  and  a year  will  be  proportion- 
ately unhealthy  in  regard  to  the  number  of  fluctuations 
occurring.  To  keep  sub-soil  water  at  an  average  level  is 


# In  Western  Rajaputana  the  water  is  at  some  places  several  hundred 
feet  below  the  surface,  but  the  sand  is  always  damp  a few  feet  below  the 
surface. 

t Pettenkofer  at  Munich  found  the  rate  as  only  15  feet  daily.  Fodor 
at  Buda  Pesth  found  the  mean  rate  174  feet. 
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therefore  desirable  and  one  of  the  chief  means  by  which  this 
is  attained  is  sub-soil  drainage. 

The  irrigated  tracts  of  the  Madras  Presidency  are  not,  as 
a rule,  unhealthy  though  it  might  be  presumed  from  the 
foregoing  remarks  that  they  would  be  so.  That  this  is  not  so 
is  probably  due  to  the  general  porous  character  of  the  soil  and 
to  the  very  perfect  flooding  which  takes  place  and  thus 
keeps  up  a constant  change  in  the  water.  Irrigation,  how- 
ever, as  a rule,  should  be  accompanied  or  preceded  by  drain- 
ago.  Otherwise  where  the  soil  is  of  a non- porous  character 
its  omission  is  the  cause  of  malaria  and  fever  such  as  is  found 
in  Northern  India  and  in  Italy.  It  is,  however,  also  to 
be  noted  that  an  originally  damp  undrained  malarious  soil 
becomes  more  healthy  by  being  irrigated  and  cultivated  and 
less  unhealthy  than  if  left  in  its  primal  condition.  The  author 
investigated  the  value  of  certain  recommendations  in  regard 
to  the  use  of  tanks,  and  the  continuance  of  rice  irrigation 
close  to  the  town  of  Cuddapali  and  came  to  the  conclusion 
that  the  stoppage  of  the  irrigation  was  not  necessary,  nor  the 
cause  of  the  fever  in  the  town  due  to  the  irrigation,  but  to 
the  previously  existing  condition  of  soil.  Where,  however, 
the  soil  in  the  vicinity  of  houses  is  of  a damp  or  malarious 
character,  it  is  desirable  that  irrigation  should  not  be  en- 
couraged. 


METEOROLOGY. 

Meteorology  is  the  science  which  relates  to  the  de- 
scription and  explanation  of  those  phenomena  which  are 
included  under  the  heads  of  weather,  season  and  climate,  the 
climate  of  a place  being  its  condition  in  respect  to  temperature, 
humidity,  pressure,  movements  and  the  electrical  state  of  the 
atmosphere. 

Air. — Man  lives  in  an  ocean  of  air  which  extends  over 
sea,  over  land  and  much  in  height  above  the  very  highest 
mountains,  and- like  the  sea  the  air  has  its  currents  which 
are  winds,  and  its  waves  are  of  great  extent,  but  these  are  not 
visible  to  the  eye. 

Barometers. — As  the  air  is  distributed  over  the  whole 
globe,  each  portion,  say,  a square  inch,  supports  all  the  air 
directly  above  it,  no  matter  to  what  height  that  may  extend. 
The  weight  of  this  column,  or  what  is  called  pressure  of 
the  air,  is  measured  by  an  instrument  called  a barometer, 
of  which  there  are  two  classes,  one  the  ordinary  mercurial 
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barometer,  the  other  the  aneroid ; the  latter  is  more  conve- 
nient for  ordinary  purposes,  but  is  less  generally  applicable 
for  scientific  purposes. 

Principle  of  the  mercurial  barometer.  — The 

barometer  measures  the  pressure  of  the  air  by  the  height  of 
the  mercurial  column  supported.  If  a tube  over  30  inches 
in  length  be  filled  with  mercury  closed  with  the  finger  and 
then  placed  in  a vessel  and  the  finger  withdrawn,  it  will  be 
found  that  the  height  of  the  columns  of  mercury  is  30"  * 
or  somewhat  approximating  to  that  height,  for  the  pressure 
of  the  atmosphere  is  not  in  the  same  place  always  the  same, 
but  slightly  varies  from  hour  to  hour  and  day  to  day.  The 
above  is  a description  of  the  mercurial  barometer  in  its  most 
simple  form  ; it  is  ordinarily  formed  with  an  attached  cistern 
with  the  bottom  moveable  by  a screw  and  with  scales  to  enable 
the  height  at  which  it  stauds  to  be  easily  read. 

Pressure  of  air.  — As  the  column  of  mercury  is 
balanced  by  a column  of  air,  the  weight  of  the  mercury  will 
show  the  pressure  of  a column  of  air  of  equal  diameter,  and 
it  is  found  that  this  pressure  is  equal  to  15  lb.  on  each 
square  inch,  which  is  the  pressure  of  the  air  at  sea  level. 

Weight  of  air. — The  weight  of  air  may  be  found  by 
weighing  a bottle  which  contains  nothing  hut  air  and  then 
re-weighing  after  the  air  has  been  extracted  ; a cubic  foot  of 
air  is  found  to  weigh  564 '8  grains  or  27,810  cubic  feet  of  air 
weigh  1 ton. 

Corrections  necessary  in  using  the  barometer. — 

In  using  the  mercurial  barometer  certain  corrections  require 
to  be  made  to  ascertain  the  true  reading  and  two  constant 
corrections  are  necessary,  those  for  capillarity  and  index 
error ; the  first  depends  on  the  bore  of  the  tube  and  is 
usually  notified  by  the  maker,  the  latter  error  must  be  deter- 
mined by  reference  to  a standard  barometer.  Again  baro- 
meter readings  are  always  registered  as  if  the  readings  were 
taken  when  the  temperature  was  32  degrees  or  freezing  point 
on  the  Fahrenheit  scale.  But  if  the  temperature  be  above 
this,  then  the  expansion  of  the  mercury  will  make  the  reading 
higher  than  it  would  be  at  32  degrees,  and  if  the  temper- 
ature is  lower,  lower.  There  is  also  the  reduction  to  sea 
level;  this  is  necessary  for  purposes  of  comparison. 


* A pressure  of  30"  mercury  equals  that  of  about  34  feet  of  water. 
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The  following  table  gives  the  necessary  corrections  for 
reduction  to  freezing  point : — 


Table  for  Reduction  of  Barometer  to  Freezing  Point. 

[The  number  in  line  with  the  temperature  of  the  attached  thermometer 
is  to  be  deducted.] 


Temperature 
of  attached 
thermometer. 

Corrections  for  the  barometer  at 

27  inches. 

28  inches.  29  inches.  30  inches. 

For  each  degree  above  32  degrees. 

32°  to  90° 

•0048 

i 

•0051  i -0052  '0053 

The  correction  for  height  above  sea  level  may  be  ap- 
proximately estimated  at  ‘001  of  an  inch  for  each  foot  of 
ascent,  which  is  the  amount  the  mercury  falls  as  we  ascend, 
and  this  amount  has,  therefore,  to  be  added  to  the  readings 
taken  above  sea  level. 


The  following  table  will  be  found  useful  : — 


Inches  of 
mercury. 

29 

" 28‘5 

28  i 

275 

27 

26-5 

26 

25-5 

25 

24-5 

Height  in  V 
feet  cor-  ! 
respond-  C 
ing.  J 

886 

1,340 

1,802 

2,273 

2,753 

3,241 

3,739 

4,246 

4,763 

5,291 

Inches  of 
mercury. 


24 


23  5 


23 


Height  in ' 
feet  cor- 
respond- 
ing. 


5,830;  6,380 


6,942 


225 


22  21  5 ! 21 


7,516 


8,103 


8,704 


9,319 


20-5 


20 


9,948 


10,593 


Aneroid  barometer.— By  the  use  of  the  aneroid  baro- 
meter the  necessity  for  corrections  or  reductions  can  be 
avoided.  Its  index  is  set  by  a standard  barometer  and  it 
needs  no  further  adjustment.  It  consists  externally  of  a 
cylindrical  box  in  which  is  a thin  corrugated  metal  case 
from  which  the  air  has  been  exhausted.  An  increase  or 
diminution  of  the  pressure  of  the  air  alters  the  form  of  this 
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case  and  the  movement  is  communicated  by  a system  of 
levers  to  the  hands  which  rnovo  over  a dial.  The  range 
of  this  instrument  is  about  10,000  foot  and  it  is  sufficiently 
accurate  for  ordinary  observations. 

While  the  fluctuations  in  any  one  place  are  for  the  greater 
part  due  to  a ohange  in  the  density  of  the  atmosphere  above 
that  place,  thero  is  what  is  known  as  the  diurnal  wave  which 
has  its  maximum  in  the  tropics  between  10  p.m.  and  9-30  a.m. 
and  its  minimum  between  4 r.M.  and  3-30  a.m.  Its  intensity 
varies  with  the  latitude.  The  average  intensity  is  from  ’09 
to  T2  inch. 

Thermometers. — Thermometers  are  instruments  for 
observing  the  temperature  of  the  air,  and  the  chief  points  to 
be  ascertained  are  the  mean  temperature,  the  range  and  the 
extremes. 


Thermometric  scales. — There  are  three  scales  in  use 
in  different  parts  of  the  world.  The  one  in  use  in  British 
India  is  the  Fahrenheit  scale,  according  to  which  the 
temperature  of  melting  ice  shows  32^  on  the  scale,  and  that  of 
boiling  water  under  a barometrical  pressure  of  30"  as  212°. 
The  Centigrade  thermometer  used  in  France  and  in  most 
scientific  laboratories  is  marked  as  0 and  100  at  the  freezing 
and  boiling  points,  respectively,  while  the  Reaumur  used  in 
Germany,  Russia,  Spain,  &c.,  indicates  0 at  the  freezing  and 
80°  at  the  boiling  points  respectively. 

Conversion  from  one  scale  to  another. — The  fol- 
lowing formulae  give  the  means  of  converting  degrees, 
Centigrade  or  Reaumur  into  degrees,  Fahrenheit : — 


Let  F = number  of  degrees,  Fahrenheit. 


R = do.  do.  Reaumur. 

C = do.  do.  Centigrade. 

qp  QT? 

F = ~ + 32  F=  lr+32  = C + R + 32 
^ 5(F — 32)  „ 4 (F  32) 

L — 9 R — 9 


Maximum  and  minimum  thermometers. — At  me- 
teorological stations  four  thermometers  are  in  use,  two  maxi- 
mum and  two  minimum  thermometers ; of  the  two  maximum 
thermometers  one  is  known  as  the  sun  maximum,  the  other 
as  the  shade  maximum.  The  former  is  a thermometer  en- 
closed in  a glass  case  with  a blackened  bulb  ; the  case  shelters 


38 


CHAPTER  I.— HYGIENE. 


from  currents  of  air,  the  black  bulb  absorbs  tlie  sun’s  rays. 
The  shade  maximum  thermometer  is  mercurial,  not  enclosed 
in  a case.  The  tubes  of  these  thermometers  are  contracted  in 
the  bulb,  so  that  when  the  mercury  has  extended  to  its 
fullest  extent  instead  of  it  all  retiring  on  cooling,  it  breaks 
at  the  narrow  portion  of  the  tube,  and  the  instruments  are 
thus  self-registering.  There  are  also  two  minimum  thermo- 
meters. The  shade  minimum  is  an  alcoholic  thermometer 
fixed  nearly  horizontally,  but  with  the  bulb  slightly  lower 
than  the  other  end.  A small  needle  moves  freely  within  the 
tube,  as  the  spirit  contracts  this  needle  moves  down  with  it 
but  does  not  return  again  in  expansion.  The  grass  minimum 
is  a thermometer  of  the  same  kind,  but  protected  by  a glass 
case ; it  is  placed  close  to  the  ground  on  grass. 

Thermometric  range. — The  range,  diurnal,  monthly 
or  annual,  is  the  difference  between  the  maximum  and 
minimum  indications  of  the  dry  bulb  thermometers  in  the 
day,  month  or  year.  The  mean  monthly  range  is  the  sum 
of  the  daily  ranges  divided  by  the  number  of  the  days  in  the 
month.  The  mean  annual  range  is  the  sum  of  the  mean 
monthly  ranges  divided  by  12. 

Humidity  . — The  amount  of  humidity  or  watery  vapour 
in  the  air  may  be  determined  in  various  ways,  but  the 
method  of  wet  and  dry  bulb  thermometers  is  the  only  one 
which  need  be  referred  to.  These  are  two  thermometers 
placed  in  the  shade  and  the  bulbs  exposed  freely  to  the  air. 
The  wet  bulb  is  covered  with  muslin  which  is  kept  moist  by 
cotton  twisted  round  the  bulb  and  in  connection  with  a vessel 
of  water ; the  cotton  is  prepared  so  that  the  water  may  pass 
up  it  easily  by  capillary  attraction. 

Dew  point. — The  dew  point  is  that  point  at  which  the 
air  is  just  saturated  with  moisture,  so  that  the  least  further 
fall  would  cause  a deposit  of  water.  Unless  the  air  is  satu- 
rated, the  temperature  of  the  wet  bulb  thermometer  is  always 
above  the  dew  point,  but  is  below  the  temperature  of  the  dry 
bulb..  If  the  dry  and  wet  bulbs  are  of  the  same  temperature, 
the  air  is  saturated  with  moisture  and  the  temperature  noted 
is  the  dew  .point , if  they  are  not  of  the  same  temperature 
the  dew  point  is  below  the  wet  bulb  temperature. 

The  following  table  gives  the  weight  of  vapour  in  a 
cubic  foot  of  air  at  different  temperatures  when  the  air  is 
saturated  with  moisture  : — 
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Tempera- 

ture, 

Fahren- 

heit. 

Weight  in 
grains  of  a 
cubic  foot 
of  vapour. 

1 

Tempera- 

ture, 

Fahren- 

heit. 

Weight  in 
grains  of  a 
cubic  foot 
of  vapour.  , 

Tempera- 

ture, 

Fahren- 

heit. 

Weight  in 
grains  of  a 
cubic  foot 
of  vapour. 

0 

GRS. 

O 

GRS. 

O 

GRS. 

32 

213 

55 

4-87 

78 

1031 

33 

221 

56 

504 

79 

10-64 

34 

2-30 

57 

5-21 

80 

1098 

35 

2-38 

58 

5-39 

81 

11-32 

3G 

248 

59 

5-58 

82 

11-67 

37 

257 

00 

577 

83 

12  03 

38 

2-66 

61 

597 

84 

12-40 

39 

270 

62 

077 

85 

12-78 

40 

2-80 

03 

638 

80 

1317 

41 

2-97 

04 

659 

87 

13-57 

42 

308 

65 

681 

88 

13-98 

43 

320 

66 

704 

89 

14-41 

44 

332 

67 

7-27 

90 

14-85 

45  - 

344 

08 

751 

91 

15-29 

40 

3-50 

69 

776 

92 

1574 

47 

309 

70 

8-01 

93 

16-21 

48 

382 

71 

8-27 

94 

10-69 

49 

396 

72 

8-54 

95 

17-18 

50 

410 

73 

8-82 

96 

17-68 

51 

424 

74 

910 

97 

18-20 

52 

439 

75 

939 

98 

1873 

53 

455 

76 

9-69 

99 

19-28 

54 

471 

77 

999 

100 

19-84 

Relative  humidity. — Relative  humidity  is  a conve- 
nient term  to  express  comparative  dryness  or  moisture.  If 
complete  saturation  be  assumed  to  be  100°,  any  degree  of 
dryness  may  be  expressed  as  a percentage  of  this ; on  page 
41  is  a table  of  relative  humidity  and  is  read  by  taking 
the  temperature  of  the  dry  bulb  and  the  difference  between  it 
and  the  wet  bulb  and  by  looking  in  the  table  at  the  inter- 
section of  two  columns. 

Cloud  formation. — When  saturated  air  is  lowered  in 
temperature,  its  vapour  is  condensed  into  extremely  minute 
particles  of  water  constituting  cloud  or  fog.  Visible  clouds 
do  not  seem  to  be  formed  at  a greater  height  than  five  miles 
above  the  earth. 

Classification  of  clouds. — Clouds  have  been  clas- 
sified into  three  divisions  — the  cirrus,  the  cumulus  and  the 
stratus.  The  cirri  are  streaks  or  fibres  of  cloud  parallelled  or 
divergent  or  forming  fleecy  brush  or  net -work ; they  are  very 
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high  in  the  atmosphere.  The  cumulus  is  a hemispherical  or 
conical  heap  like  a mountain  rising  from  a horizontal  base. 
The  cumulus  is  formed  only  during  the  day,  as  then  only 
are  conditions  present  which  are  necessary  for  its  develop- 
ment. This  condition  is  the  heating  of  the  atmospheric 
stratum  in  contact  with  the  earth  which  rises  and  carries  off 
the  vapour  absorbed  during  the  night.  The  stratus,  as  its 
name  implies,  is  a horizontal  sheet  of  cloud  widely  extended 
and  continuous,  often  forming  at  sunset  where  the  air  is 
calm.  There  are  numerous  combinations  of  these  descrip- 
tions of  clouds  such  as  the  cirro-cumulus,  the  cirro-stratus, 
the  cumulo-stratus,  &c.,  which  it  is  unnecessary  here  to  more 
than  mention. 

Cloud  estimation. — The  estimation  of  the  amount  of 
cloud  is  by  a system  of  numbers — 1 expresses  a cloudless 
sky,  10  a perfectly  clouded  sky,  and  the  intermediate 
numbers  various  degrees  of  cloudiness.  Recently-  by  an 
instrument  known  as  a sunshine  recorder  the  duration  of 
bright  sunshine  is  measured.  It  consists  of  a spherical  glass 
lens  through  which  the  sun’s  rays  are  focused.  The  focal 
point  travels  along  the  surface  of  a card  having  the  hour 
divisions  marked  upon  it.  When  the  sun  shines  brightly  a 
line  is  burnt  on  the  card  and  from  this  the  length  of  the 
duration  of  bright  sunshine  is  determined. 

Indian  rains. — Indian  rains  depend  on  the  prevalence 
of  certain  winds.  The  south-west  monsoon  is  a current  of 
saturated  air  drawn  from  the  ocean  to  replace  the  heated 
air  rising  from  the  Asian  plains.  It  discharges  most  of  its 
vapours  on  the  West  Coast  and  is  comparatively  dry  on 
reaching  the  east.  It  blows  from  May  to  September,  and 
during  such  times  forces  back  the  north-east  trade  winds 
until  its  influence  diminishes,  when  that  wind  resumes  its 
course,  and  lifting  vapour  from  the  Bay  of  Bengal  furnishes 
the  north-east  monsoon. 

Conditions  causing  rain.— The  conditions  under  which 
rain  occurs  are  those ; when  air  parts  with  its  moisture  in 
solution  at  a considerable  height  from  the  surface  of  the 
earth,  the  minute  particles,  of  which  clouds  consist,  gravitating 
slowly  downwards,  tend  to  aggregate  into  globules,  overcome 
the  resistance  of  the  air  and  fall  as  rain.  Drops  of  rain 
frozen  after  their  formation  fall  as  hail.  Snow  is  probably 
frozen  cloud  or  from  the  freezing  of  the  vapour  of  the  cloud 
into  minute  particles  which  afterwards  aggregate  into  flakes. 
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Table  of  the  relative  humidity  given  by  the  difference  between 
the  dry  and  wet  bulb. 


Difference  between  the  dry  and  wet  bulb. 

Tempera- 

O 

o 

O 

O 

O 

O 

0 

O 

O 

O 

O 

O 

0 

O 

O 

O 

ture  of  the 
dry  bulb. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Relative  humidity,  saturation  = 100. 

O 

90 

100 

95 

90 

85 

81 

77 

73 

69 

05 

62 

59 

56 

53 

50 

47 

41 

89 

100 

95 

90 

85 

SI 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

88 

100 

95 

90 

85 

81 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

87 

100 

i>5 

90 

85 

81 

77 

73 

69 

65 

61 

58 

55 

52 

49 

46 

43 

86 

100 

95 

90 

86 

80 

7(5 

72 

68 

64 

61 

58 

55 

52 

49 

46 

43 

85 

100 

95 

90 

85 

80 

76 

72 

68 

64 

61 

58 

55 

52 

49 

40 

43 

8 1 

100 

95 

90 

85 

80 

76 

72 

68 

64 

CO 

57 

54 

51 

48 

45 

43 

83 

100 

95 

90 

85 

80 

7(5 

72 

68 

64 

60 

57 

54 

51 

48 

45 

42 

82 

100 

95 

90 

85 

80 

7(5 

72 

68 

64 

60 

57 

54 

51 

18 

45 

42 

81 

100 

95 

90 

85 

80 

76 

72 

68 

64 

60 

56 

53 

50 

47 

4-1 

41 

80 

100 

95 

90 

85 

80 

75 

71 

67 

63 

59 

56 

53 

50 

47 

4-1 

41 

79 

100 

95 

90 

85 

SO 

75 

71 

67 

63 

59 

56 

53 

50 

47 

41 

41 

78 

loo 

94 

89 

84 

79 

75 

71 

67 

63 

59 

56 

53 

50 

47 

'14 

41 

77 

100 

94 

89 

84 

79 

75 

71 

67 

63 

59 

50 

53 

50 

47 

44 

41 

70 

100 

94 

89 

84 

79 

75 

71 

67 

63 

59 

55 

52 

49 

46 

43 

40 

75 

100 

94 

89 

84 

79 

74 

70 

66 

02 

58 

55 

52 

49 

40 

43 

10 

71 

100 

94 

89 

84 

79 

74 

70 

66 

62 

58 

55 

52 

48 

45 

43 

40 

78 

100 

94 

89 

84 

79 

74 

70 

66 

62 

58 

54 

51 

48 

45 

42 

40 

72 

100 

94 

89 

84 

79 

74 

69 

65 

61 

57 

54 

51 

48 

45 

42 

39 

71 

100 

94 

88 

83 

78 

73 

69 

(55 

61 

57 

53 

50 

47 

44 

41 

88 

70 

100 

91 

88 

83 

78 

73 

69 

65 

61 

57 

53 

50 

47 

41 

41 

38 

69 

100 

94 

88 

83 
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Measurement  of  rainfall. — Rain  is  estimated  in  inches, 
that  is  to  say,  that  when  an  inch  of  rain  has  fallen  on  any 
given  area,  say  a square  foot,  it  implies  that  rain  has  fallen 
equal  to  one  inch  in  depth.  The  amount  of  rainfall  is 
measured  by  rain  gauges,  of  which  there  are  a great  variety, 
hut  these  are  usually  in  the  form  of  a cylinder  which  has  a 
funnel-shaped  mouth  of  known  area*  and  which  passes  the 
water  collected  into  a inner  removable  cylinder,  whence  the 
water  can  be  readily  poured  into  a graduated  glass  measure 
which  allows  of  the  depths  of  inches  of  fall  being  accurately 
read  off  at  once  in  inches  and  tenths.  The  glass  measures 
are  graduated  in  relation  to  the  particular  gauge  to  which 
they  are  attached,  but  a glass  can  be  easily  graduated  in  this 
way.  Suppose  the  area  of  the  receiving  gauge  to  be  100 
square  inches,  then  one  inch  of  rain  on  this  area  would  be 
100  cubic  inches  ; take  a glass  and  pour  into  it  this  amount 
of  water  and  mark  the  surface  level  which  will  represent  one 
inch  of  rainfall  measured  by  that  particular  gauge.  The 
distance  between  this  mark  and  bottom  of  the  glass  can  be 
graduated  into  tenths  or  hundredths  of  an  inch  as  may  be 
desired.  A gauge  which  is  in  an  elevated  position  will  indi- 
cate less  rain  than  a gauge  lower  down.  This  has  been  said 
to  be  due  to  the  effect  of  the  wind,  but  the  cause  is  probably 
still  to  be  sought  for. 

Management  of  rain  gauges. — The  following  rules 
are  recommended  for  the  management  of  rain  gauges.  The 
gauge  should  he  placed  on  level  ground  and  so  as  not  to  be 
affected  by  trees,  buildings,  &c.;  old  gauges  should  not  be 
replaced  by  new  ones  until  a sufficient  time  has  elapsed  to 
allow  of  the  results  of  the  two  sets  being  compared.  The 
receiving  surfaces  should  be  set  perfectly  level.  Heavy  falls 
should  be  measured  as  soon  after  the  fall  has  ceased  as 
possible. 

Equivalents  of  one  inch  of  rainfall.— It  is  well  to 

notice  that  an  inch  of  rain  on  a square  yard  of  surface  equals 
4674  lbs.  or  4-674  gallons,  on  an  acre  226,225-52  lbs.  or 
22,622  o 5 gallons,  or  100'9935  tons  and  on  a square  mile 
144,784,333  lbs.,  14,478,433-3  gallons  or  64,635-86  tons.  But 
100  tons  per  inch  per  acre  is  a rough  and  ready  formula  to 
remember. 


A commonly-used  size  of  funnel  is  4<'697  inches  diameter, 
inch  on  this  gives  one  fluid  ounce  of  water. 


Toth  of  an 
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WINDS. 

Trade  winds. — Air  in  motion  is  called  wind  and  is 
caused  by  the  variation  of  temperature  at  different  parts  of 
the  surface  of  the  globe.  Winds  except  the  trade  wind,  land 
wind  and  sea  broezo  aro  partial  and  irregular.  Tho  trade 
winds  are  surface  currents  blowing  from  the  polar  towards 
equatorial  regions  to  replace  the  heated  air  from  tho  latter. 
In  tho  northern  hemisphere  their  courso  is  south,  in  tho 
southern,  north.  They  prevail  for  30°  on  either  side  of  tho 
equator. 

Land  winds. — The  land  wind  is  generated  on  coasts 
in  the  tropics  when  at  night  more  rapid  radiation  of  heat 
from  the  land  than  from  the  sea,  cools  relatively  the  air  in 
contact  with  the  former,  which  therefore  being  heavier  passes 
seaward. 

Sea  breeze. — The  sea  breeze  is  caused  by  the  land  absorb- 
ing during  tho  day  the  solar  heat  more  rapidly  than  the  sea  ; 
this  produces  an  upward  current  replaced  by  a flow  of  air 
from  the  sea. 

Cyclones. — Cyclones  are  rotatory  storms  generated  by 
tho  collision  of  opposing  air  currents  ; the  centre  of  a 
cyclone  moves  with  much  less  velocity  than  the  wind  itself 
does  round  that  centre.  The  diameter  of  rotation  varies 
from  50  to  100  miles.  In  tho  northern  hemisphere  the 

direction  of  rotation  is  and  in  the  southern  . 

Direction  of  wind,  how  ascertained. — The  direction 
of  wind  is  determined  by  a vane.  The  various  points  of 
north,  east,  south  and  west  should  be  fixed  by  a compass  taking 
into  account  the  magnetic  variation. 

Measurement  of  velocity  of  wind. — The  velocity  of 
the  wind  is  measured  by  an  anemometer  consisting  of  four 
hollow  cups  mounted  on  two  horizontal  bars  at  right  angles  to 
each  other.  The  velocity  of  rotation  of  these  cups  is  practi- 
calty  one  third  of  that  at  which  the  wind  moves,  and  by  an 
arrangement  the  number  of  miles  travelled  is  automatically 
registered.  The  average  velocity  of  tho  wind  is  from  6 to 
8 miles  per  hour.  It  ranges  up  to  70  miles  per  hour  rarely, 
though  in  hurricanes  it  has  been  said  to  reach  100  miles  per 
hour.  The  force  of  the  wind  is  usually  reckoned  at  so  many 
pounds  per  square  foot,  and  if  the  velocity  is  known,  the  force 
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can  be  found  from  the  following  table  or  by  the  formula 
p — X?,  P being  the  pressure  and  V the  velocity  in  miles 
per  hour : — 


Velocity 
miles  per 
hour. 

Pressure  in 
lb.  per 
sq.  foot. 

Velocity 
miles  per 
hour. 

Pressure  in 
lb.  per 
sq.  foot. 

Velocity 
miles  per 
hour, 

Pressure  in 
lb.  per 
sq.  foot. 

1 

0005 

15 

1-107 

45 

9-963 

2 

0020 

20 

1-968 

50 

12-300 

4 

0079 

25 

3-075 

60 

17712 

6 

0180 

30 

4-428 

70 

24-108 

8 

0-320 

35 

6-027 

80 

31-488 

10 

0492 

40 

7-872 

100 

49-200 

The  pressure  on  a surface  which  has  a direction  oblique 
to  that  of  the  wind  can  be  determined  by  multiplying  the 
force  as  found  above  by  the  sine  of  the  acute  angle  formed 
by  the  direction  of  the  wind  and  that  surface. 
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PART  I 

CONSERVANCY  AND  SANITATION  OF  TOWNS  AND 
VILLAGES  AS  A WHOLE. 

INTRODUCTORY. 

Sanitary  Laws  of  Moses. — The  unwritten  laws  of 
sanitation  are  as  old  as  the  appearance  of  man  on  the  world ; 
but  the  first  written  were  those  of  Moses  who  laid  down 
certain  laws  for  the  disposal  of  excreta  ; these,  though  neces- 
sarily primitive,  have  been  the  key-note  of  all  our  modern 
systems  for  the  disposal  of  solid  waste  matters. 

Shastras  contain  no  laws  relating  to  removal 
and  disposal  of  filth. — It  is  curious  to  remark  that  such 
laws  do  not  seem  to  have  been,  at  any  time,  in  vogue  amongst 
the  Hindus ; although  the  Shastras  contain  many  laws  for 
purifying  the  body  and  the  household,  yet  none  relating  to 
the  removal  and  disposal  of  filth  find  therein  a place. 

Air  of  Indian  towns  impure. — Now  while  it  can- 
not be  denied  that  Indian  towns  have  been  until  lately 
models  of  what  they  ought  not  to  have  been  and  that  the  air 
which  the  people  breathe  is  still  dangerously  impure,  being 
contaminated  by  the  poison  coming  from  the  soil  fouled  by 
the  decomposing  excreta  of  the  present  and  past  generations, 
vet  it  should  not  be  forgotten  that  London  and  Edinburgh 
in  the  seventeenth  century  were  in  a similar  disgraceful  con- 
dition. What,  therefore,  has  been  done  in  Britain  can  be 
done  in  India  and  this  fact  ought  to  be  kept  in  view,  viz., 
that  good  conservancy  and  sanitation  is  the  first  need  of  a 
town.  Splendid  water-works,  fine  roads,  beautiful  lamps, 
pleasant  parks  are  things  much  to  be  desired  ; but  if  the  soil 
and  foundations  of  dwellings  are  saturated  with  filth,  if  the 
air  breathed  is  impure,  if  we  neglect  to  improve  these  before 
wasting  money  (for  waste  it  would  be)  on  the  former  objects, 
severe  suffering  will  be  the  reward  for  securing  luxuries  in 
place  of  necessities. 
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Sanitation  to  be  first  directed  to  poorer  parts 
of  a town  and  parcherries. — No  human  being  can  have 
health  in  a tainted  atmosphere  and  no  atmosphere  can  be 
otherwise  than  tainted  where  such  conditions  prevail  as  do 
in  the  poorer  parts  of  Indian  towns  at  present.  In  these 
quarters  are  insanitary  conditions  most  prevalent  and  no  one 
can  walk  through  these  crowded  parcherries  without  feeling 
that  such  is  the  case.  To  these  places  therefore  in  the  first 
instance  should  vigorous  sanitation  be  directed  ; it  is  usually 
in  such  places  that  epidemics  begin,  and  they  should,  for  the 
good  of  the  general  community,  be  the  first  care. 

Sanitation  to  be  effective  requires  good  super- 
vision.— Sanitation  cannot  be  satisfactory  unless  there  is 
ample,  constant  and  efficient  supervision,  and  under  existing 
circumstances  the  chief  supervision  ought  to  be  exercised  by 
a European.  In  the  lower  grades,  however,  Eurasians  or 
Natives  must  be  depended  upon,  for,  although  caste  and 
social  prejudices  will  hardly  permit  respectable  persons  to 
come  in  contact  with  scavengers  or  rubbish  and  night-soil 
carts,  yet  it  is  found,  in  Madras  at  any  rate,  that  a class 
of  Native  overseer  well  suited  for  the  work  can  be  obtained. 
Hospital  Assistants  are,  from  their  training,  well  suited  for 
conservancy  supervision. 

Faults  of  overseers. — The  great  fault  of  conservancy 
overseers  is  inobservancy  and  they  are  often  negligently 
blind ; the  latter  fault  can  be  cured  by  strictness  in  super- 
vision, the  former  also,  but  only  by  self-training. 

Native  overseers  superior  to  European  over- 
seers.— Native  overseers  are  superior  to  European,  because 
of  their  language  being  that  of  the  people  with  whom  they 
have  to  deal  ; their  domiciliary  visits  are  not  so  much 
resented  as  would  be  those  of  a European,  especially  if  the 
overseers  be  of  superior  caste.  Supervision  to  be  effective 
must  include  thorough  inspection  of  houses,  back-premises 
and  lanes.  Natives  are  also  free  from  the  prejudices  and 
erroneous  views  which  that  class  of  European  obtainable  at 
the  low  salaries  usually  available,  would  be  likely  to  hold. 

Qualifications  of  a good  overseer. — A good  over- 
seer should  be  a man  with  great  tact  and  firm  temper.  He 
ought,  when  he  knows  his  duty,  to  do  it  without  being 
swayed  by  promises,  threats  or  abuse.  He  ought  to  be 
observant  and  methodical  and  he  ought  never  to  be  a man  of 
that  class  who,  when  asked  when  a thing  is  to  be  done 
invariably  replies  ‘ {EirSsir&g  ’ (to-morrow).  * 
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Good  conservancy  officers  not  popular. — A good 
conservancy  officer,  if  he  does  his  duty  thoroughly,  is  nevor 
popular.  Sanitary  laws  will  inconvenienoe  the  public,  and 
of  course  insistence  on  thoir  observance  will  usually  give  rise 
to  a certain  amount  of  irritation.  Against  a strict  offioer 
petitions  will  no  doubt  pour  in,  and  it  is  therefore  well 
always  to  bear  this  fact  in  mind. 

REMOVAL  OF  WASTE. 

Removal  of  refuse  a chief  duty. — The  removal  of 
waste  is  one  of  thee  hiof  duties  of  a municipality  and  the 
regular  collection  and  removal  of  house  and  kitclion  refuse 
from  the  streots  and  lanes  of  a village,  town  or  city  aro 
necessities. 

Waste  matters,  which  must  be  removed  from  the  neigh- 
bourhood of  human  habitations,  may  be  either  solid  or  liquid, 
consisting  of  street  sweepings,  house  sweepings,  vegetable 
and  animal  food,  waste  from  factories,  slaughter-houses  and 
stables,  excrement  including  waste  water  from  cooking  and 
bathing,  urine,  &c.  The  amount  to  be  removed  by  manual 
labour  depends  largely  on  the  amount  of  water-supply  in  the 
town  and  the  facilities  in  the  shape  of  proper  drainage  works 
for  carrying  it  off.  Thus  towns,  in  which  there  are  no  drain- 
age works,  but  which  have  cess-pools  or  similar  works,  have 
to  provide  for  the  regular  emptying  of  these  and  the  trans- 
port of  their  solid  and  liquid  contents.  A town  having  a 
limited  supply  of  water  will  ordinarily  require  less  transport 
and  labour  in  reference  to  liquid  waste  : liquid  waste  is  ordi- 
narily termed  sewage  and  should  be  removed  preferably 
by  means  of  drains  and  sewers.  Excreta,  where  the  water 
carriage  system  has  been  adopted,  is  usually  disposed  of  in  a 
similar  manner,  but  in  towns  where  no  such  system  is  in  force 
removal  by  manual  labour  must  be  adopted.  The  cheap- 
ness of  manual  labour  ha3  boon  perhaps  one  item  militating 
against  the  march  of  sanitary  progress  and  the  construction 
of  sanitary  works  in  India,  for,  had  labour  been  as  expen- 
sive in  India  as  in  England,  a very  different  state  of  matters 
would  have  resulted;  the  monetary  objection  is  probably  the 
strongest  factor  in  the  question  of  sanitary  advancement. 
As  it  is,  some  towns  have  to  carry  away  not  only  all  the 
solid  matters  and  the  excreta,  but  also  a considerable  amount 
of  liquid  matter,  hence  there  will  be  found,  in  the  follow- 
ing pages,  references  to  methods  of  disposal  which  would 
find  no  place  in  a manual  relating  to  a country  in  which 
sanitary  works  have  made  proper  progress. 
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Scavenging. — The  process  of  removal  of  waste  is  called 
‘ scavenging  ’ or  ‘ scavengering,’  and  this  term  is  a compre- 
hensive one,  including  house  scavenging  or  the  removal  of 
house  refuse,  street  refuse  and  the  carting  away  of  all 
materials  so  obtained.  These  materials  will,  in  addition  to 
ordinary  street  and  house  sweepings,  consist  of  broken  plaster, 
tiles,  bricks,  bottles,  pots,  chatties,  tins,  garden  refuse,  &c. 
It  is,  however,  not  incumbent  on  Municipal  Councils  under 
present  enactments  to  remove  garden  and  stable  or  trade 
refuse,  but  these  matters  find  their  way  into  the  dust-bins, 
where  the  system  of  public  dust-bins  is  in  force. 

In  deciding  on  the  best  scheme  suited  to  any  particular 
town,  the  following  points  should  have  attention : — 

(1)  The  manner  in  which  the  refuse  should  be  stored 

pending  removal. 

(2)  The  best  method  of  collection. 

(3)  The  ultimate  mode  of  disposal. 

(4)  The  cost. 

There  are  various  methods  available  for  collection  : — 

(1)  By  storing  the  refuse  in  the  houses  until  called  for 
at  intermittent  periods,  the  scavengers  passing  through  the 
streets  ringing  a bell. 

(2)  By  placing  public  dust -bins  in  the  streets  and 
requiring  householders  to  deposit  all  their  rubbish  in  such 
receptacles,  these  being  cleared  from  time  to  time. 

This  latter  plan  is  the  one  usually  adopted  in  India,  the 
deposit  being _ allowed  at  any  time  of  the  day  or  night,  the 
collection  taking  place  morning  and  evening  at  which  time 
the  streets  are  also  cleansed. 


Arguments  against  deposit  in  streets.— Now  while 
it  does  make  a town  present  an  untidy  appearance  to  permit 
the  deposit  of  rubbish  in  dust-bins  at  all  hours  of  the  day, 
yet  there  can  be  little  doubt  that,  if  it  has  to  be  stored  in  the 
small  houses  in  this  country,  a greater  evil  will  result ; the 
health  of  the  people  would  bo  affected,  and  of  two  evils  the 
least  should  always  be  chosen  ; there  can  be  no  doubt  as  to 
which  ought  to  be  accepted  when  it  is  a case  of  health  against 
appearances.  The  writer  is  aware  that  many  sanitarians 
and  others  are  opposed  to  this  view  and  declare  that  dust-bins 
(as  they  arc  called  in  Madras,  though  garbage  box  would  be 
a more  suitable  name)  are  a nuisance  and  deserve  con- 
demnation ; they  are  said  to  be  often  too  full  and  never 
thoroughly  emptied  while  they  emit  disgusting  odours  and 
become  themselves  centres  of  disease. 
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Arguments  in  favour  of  deposit  in  streets. — As  a 

reply  to  such  criticisms,  it  may  be  said  that  the  fault  is  not 
in  the  system  of  having  dust-bins,  but  because  they  are  not 
sufficiently  numerous  nor  properly  cleaned  ; similar  criticisms 
might  as  well  bo  applied  to  drains  or  privies,  which  neverthe- 
less no  one  would  think  of  condemning  on  similar  grounds. 
But  even  with  an  ample  supply  of  dust-bins,  frequently 
emptied,  the  untidy  appearance  will  not  disappear.  Dust- 
bins, it  has  boon  said,  aro  not  improving  to  the  morals  of  tho 
people  and  various  suggestions  have  been  made  to  decrease 
this  evil  as  far  as  possible,  one  proposal  being  that  it  should 
bo  arranged  that  dust-bins  adaptod  for  carrying  on  carts 
should  be  deposited  in  the  streets  for  a space  of  two  hours, 
the  carts  thou  returning  and  picking  them  up  when  full. 
This  would  slightly  overcome  tho  objection  to  retention  of 
the  matters  in  the  house,  but  would  not  avoid  it. 

Existing  practice  and  effects. — In  India  unfortu- 
nately the  people  will  not  take  even  the  trouble  to  go  to  a 
permanently  located  dust-bin,  and  a very  large  amount  of 
the  house  refuse  is  deposited  in  the  gutters  and  drains  or  just 
on  tho  side  of  the  street  in  front  of  the  house  (or  sometimes 
the  neighbouring  house)  which  produces  it.  This  is  of  course 
against  law,  but  habit  is  often  too  strong  for  law  and  sanitary 
education  is  not  sufficiently  advanced  to  cause  the  practice  to 
be  decried  by  the  majority  of  the  people  themselves.  This  is 
a matter  for  regret,  bocause  clean  well-swept  streets  not  only 
add  much  to  the  prosperous  appearance  of  a town,  but  they 
have  a marked  effect  for  good  on  the  morals  of  their  in- 
habitants. Ill-cleansed  and  ill-drained  streets  cause  damp- 
ness in  the  houses  and  vicinity,  humidity  in  the  atmosphere 
and  a low  standard  of  health.  Dusty  streets  aro  injurious  to 
persons  inhaling  the  highly  silicato  loaded  air  arising  from 
them  and  such  an  atmosphere  produces  disease  even  without 
organic  impurities. 

Methods  of  cleansing. — The  cleansing  of  the  street 
surface  may  be  effected  wholly  by  manual  labour  or  partly  by 
machinery;  which  mode  is  the  more  economical  depends  (1) 
on  the  class  and  condition  of  the  streets  themselves,  (2)  on 
the  cost  of  labour.  Paved  streets  are  more  easily  cleansed 
and  cost  much  less  to  cleanse  than,  for  instance,  macadamized 
roads ; the  cleansing  of  a granite  paved  road  in  Liverpool 
costs  from  6-s.  to  14s.  per  10,000  yards,  but  macadamized  roads 
cost  as  much  as  29s. ; in  a town,  therefore,  the  first  cost  of 
a road  should  be  considered  not  only  in  relation  to  the  cost 
of  maintenance,  but  also  in  regard  to  the  cost  of  cleansing. 
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Machinery  is  more  suitable  for  paved  than  for  macadam 
roads ; even  with  the  use  of  machinery  the  stuff  collected 
has  to  be  swept  into  mounds  and  carted  away  in  the  usual 
manner. 

Removal  of  rubbish. — The  removal  of  rubbish  from 
Indian  streets  is  usually  effected  by  means  of  carts  drawn 
by  men,  bullocks,  ponies,  or  horses  ; by  bullocks,  is  the  more 
usual  plan,  though  in  Calcutta  light  pony  carts  are  used, 
and  in  Madras,  during  the  famine,  carts  drawn  by  men  were 
introduced. 

Staff  required  with  each  cart. — Each  cart  should 
have  attached  to  it  a driver  and  at  least  one  sweeper,  and 
if  the  bullocks  are  properly  trained,  the  driver  is  able  to 
clear  the  rubbish  from  the  dust-bins  and  the  rubbish  from 
the  streets  which  the  sweepers,  who  have  preceded  him, 
have  collected  in  little  heaps. 

Allocation  of  conservancy  staff. — A.  town,  for  con- 
servancy purposes,  should  be  divided  into  distinct  areas  to 
each  of  which  a certain  conservancy  staff  should  be  attached. 

Amount  of  staff  dependent  on  certain  circum- 
stances.— The  amount  of  staff  will  be  dependent  not  only 
on  the  population  and  area,  but  also  on  the  distance  to  which 
the  rubbish  has  to  be  transported,  because,  the  shorter  this 
distance  is,  the  more  trips  will  the  carts  be  able  to  make. 
When  the  distance  to  the  sites  for  the  deposit  of  rubbish 
becomes  very  great,  so  that  the  carts  make  few  or  only  one 
trip,  it  becomes  a matter  for  consideration  whether  some 
other  means  of  transport,  such  as  a tramway,  should  not 
be  adopted.  It  is  a question  to  be  determined  solely  by 
the  expense  of  one  plan  against  the  other ; if  a convenient 
loading  station  at  the  tramway  can  be  arranged  so  that  the 
carts  have  to  travel  a short  distance,  then  the  staff  of  carts 
required  can  bo  much  decreased,  as  they  can  make  more 
trips;  if  the  amount  saved  by  such  decrease  in  staff  more 
than  covers  the  interest,  depreciation,  maintenance  and  other 
expenses  in  connection  with  the  tramway,  then  the  tramway 
ought  to  be  adopted.  Tramways  laid  down  for  passenger 
traffic  can,  during  the.  night,  be  used  for  the  earriage&of 
rubbish,  the  trains  being  left  in  a siding  where  they  would 
be  filled  from  the  carts  during  the  day.  Where  the  method- 
of  disposal  is  by  burning,  the  incinerators  can  be  located 
much  nearer  the  town  than  permanent  rubbish  depdts ; the 
incineration  system  of  disposal  will  be  referred  to  hereafter. 
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Methods  of  working  conservancy  staff. — There 
are  two  methods  of  working  the  sectional  conservancy  statf 
engaged  in  clearing  rubbish : one  is  to  allot  certain  carts  to 
certain  streets,  which  they  clear  in  a fixed  order,  the  other 
to  put  all  the  sectional  staff  in  one  street,  to  clear  it  first,  and 
then  to  pass  on  to  the  next,  and  so  on. 

Disadvantages  of  each  method. — A disadvantage  of 
the  former  system  is  that,  unless  there  is  a peon  or  maistry 
in  charge  of  each  cart  (and  it  is  not  usual  nor  possible  on 
the  score  of  expenso  to  provide  one  for  more  than  four  to 
five  carts),  supervision  cannot  be  effective  and  loitering  and 
shirking  work  are  of  frequent  recurrence ; under  the  latter 
system  the  whole  staff  can  be  under  the  eye  of  one  man,  the 
cleansing  more  effectually  executed,  but  some  parts  of  the 
section  will  not  be  cleaned  until  a late  hour  in  the  day. 
This  inconvenience  may  bo  lessened  by  the  work  being- 
commenced  at  a different  part  of  each  section  daily.  The 
inconvenience  will  also  occur  under  the  former  system,  but 
then  it  is  minimised. 

Carts  for  liquid  filth.  — "Where  there  are  open  or  ditch 
drains  and  cess-pools,  a second  set  of  carts  will  bo  required 
to  remove  liquid  matters ; these  carts  ought  to  be  covered 
and  water-tight  and  they  should  be  worked  under  conditions 
similar  to  those  already  referred  to. 

Contract  v.  Departmental  labour. — Another  point 
which  should  be  considered  carefully  is  whether  the  cleansing 
of  a town  ought  to  be  by  contract  or  by  departmental  labour. 
This  is  to  be  looked  at  not  only  from  the  financial  side  of 
the  question,  because  efficiency  should  be  a prominent  con- 
sideration. The  writer’s  experience  is,  that  the  cleansing 
of  towns  cannot  be  carried  out  satisfactorily  by  contract.  If 
pavment  is  made  on  the  basis  of  so  much  per  man  and 
per  pair  of  bullocks  and  cart,  or  on  a time  basis,  it  is  not  the 
interest  of  the  contractor  to  overwork,  or  even  fully  work, 
his  people.  The  better  plan  would  evidently  be  payment 
for  the  number  of  full  loads  delivered  at  each  depot,  but 
here  again  the  contractor  would  naturally  try  and  fill  his 
carts  at  the  nearest  site.  A combination  of  these  two  plans 
might  be  more  satisfactory,  but  in  no  case  does  the  writer 
think  it  would  be  fully  so. 

That  departmental  labour  'would  cost  more  than  contract 
labour  there  can  be  little  doubt,  but  the  question  is  really  a 
question  of  effective  cleansing  and  not  one  of  cost.  Evils 
there  will  be  under  both  systems  and  it  behoves  each 
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municipal  council  carefully  to  consider  the  pros  and  cons  of 
the  question  as  affecting-  its  own  particular  town. 

The  following  table  gives  the  cost  of  street  cleansing  in 
certain  important  towns  in  England  and  India  : — 


Annual  cost. 

Per  1,000 
population. 

Per  mile  of 
street. 

£ 

£ 

8. 

d. 

£ 

s. 

d. 

Bedford 

900 

45 

0 

0 

45 

9 

0 

Carlisle 

2,261 

64 

6 

0 

113 

0 

0 

Oxford 

2,750 

63 

9 

0 

85 

9 

0 

Liverpool 

82,284 

151 

2 

0 

316 

2 

0 

Swansea 

4,200 

60 

0 

0 

76 

3 

0 

Calcutta 

Rx.  79,250 

Ex.  116 

0 

0 

Rx.  430 

0 

0 

Bombay 

Ex.  52,063 

Ex.  67 

0 

0 

Ex.  290 

0 

0 

Madras 

Itx.  39,006 

Ex.  86 

0 

0 

Rx.  83 

0 

0 

The  cost  depends  greatly  on  the  distance  the  carts  have 
to  travel  to  the  depSts  or  the  fact  of  the  town  being  scattered 
or  closely  built,  and  also  on  the  size  of  the  town,  because  if, 
of  large  extent,  the  distance  of  central  portions  from  possible 
depbts  is  great. 

Manner  of  disposal  of  rubbish. — The  Municipal 
Acts  contain  the  following  provisions  regarding  the  deposit 
of  rubbish,  filth,  dust,  ashes,  &c. : — 

“ The  President  (or  Municipal  council)  shall  provide,  in  con- 
venient sites,  suitable  and  sufficient  depots  or  places  for  the 
deposit  of  the  matters  mentioned  in  this  section,  and  shall  give 
notice  of  such  provision.” 

The  universal  method,  until  lately,  for  the  disposal  of  town 
refuse  in  this  country  was  by  throwing  it  into  pits,  tanks, 
ponds  and  low  grounds.  There  are  many  objections  to  the 
practice,  but  if  the  rubbish  is  dry  rubbish  and  kept  dry, 
though  it  can  never  be  made  unoffensive,  it  may  be  pre- 
vented becoming  a producer  of  disease.  Although  a town 
may  be  properly  sewered,  provided  with  latrines  and  with  a 
separate  system  for  the  removal  of  night-soil,  yet  night-soil 
will  be  present  in  the  rubbish  and  all  rubbish  ought  therefore 
to  be  well  and  quickly  covered  after  it  is  deposited.  It  is 
usual  in  some  municipalities  to  let  out  the  rubbish  depdts  on 
contract  annually,  but  there  is  no  doubt  that  great  restric- 
tions ought  to  be  imposed  when  such  sales)take  place.  The 
excavation  of  even  old  rubbish  dep6ts  may  produce  cholera 
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from  the  germs  present  in  the  rubbish,  and  it  should  therefore 
be  required  that  no  rubbish  shall  be  touched  until  it  is  at 
least  seven  years  old ; in  Madras  even  that  period  has  been 
found  insufficient  for  thorough  disintegration.  When  the 
rubbish  is  mixed  well  with  lime,  it  can  be  sold  in  a much 
fresher  state,  if  it  is  to  be  at  once  used  to  manure  fields  or 
mixed  with  sludge  and  ploughed  into  land.  Another 
possible  method  of  disposal  for  towns  on  sea  coasts  or  navi- 

fablo  rivers  is  to  carry  the  rubbish  out  to  sea  in  hopper 
arges. 

Rubbish  ought  not  to  be  deposited  in  tanks  with 
water  in  them.— -Rubbish  ought  not,  as  a rule,  to  be 
deposited  in  tanks  in  which  there  is  water,  nor  in  tanks  into 
which  water  may  come  before  they  are  completely  filled  up  ; 
in  the  latter  case  where  the  filling  of  such  a tank  is  desir- 
able a wall  of  mud  ought  to  be  built  across  the  tank  cutting 
off  so  much  of  it  as  can  assuredly  be  filled  before  the  rains  ; 
the  second  portion  of  the  maxim  is  thus  complied  with.  All 
tanks  in  which  it  is  intended  to  deposit  rubbish  ought  to  be 
pumped  out  dry  before  the  work  is  commenced.  The  earth 
for  covering  the  rubbish  (and  over  all  rubbish  there  ought 
to  be  a oovering  of  not  less  than  6 inches  thick)  may  be 
obtained  from  the  bottom  of  the  tank  just  in  front  of  the 
rubbish  as  tipped. 

Sinkage  of  rubbish  after  decay.— When  a hollow 
or  tank  is  being  filled  with  rubbish,  the  rubbish  must  be 
piled  much  higher  than  the  surface  of  the  surrounding 
ground.  It  is  found  in  England  that  after  a few  months’ 
exposure  to  sun  and  rain  the  rubbish  shrinks  12  per  cent. ; 
and  in  India  it  shrinks  16  to  20  per  cent.,  the  rubbish 
ought  therefore  to  be  piled  one-sixth  to  one-fifth  of  its  depth 
above  the  surrounding  ground. 

Dep6t  sites. — The  sites  of  the  dep6ts,  while  as  near  the 
town  as  possible,  should  be  in  such  positions  as  will  neces- 
sitate the  carts  passing  through  the  town  as  short  a distance 
as  possible  and  the  sites  should  be  readily  available  to 
customers  ; they  should  however  be  so  far  from  roads,  lanes 
and  houses  as  not  to  cause  a nuisance  and  the  direction  of 
the  prevailing  winds  should  be  taken  into  account. 

Deodorization  of  rubbish  depots  by  cultivation. — 

There  is  no  better  plan  of  deodorizing  rubbish  depots  than 
by  cultivation  of  their  surface  ; the  growth  of  weeds  may 
therefore  be  freely  encouraged.  After  a year  or  so,  the  land 
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may  be  ploughed  and  a crop  of  cholum  or  other  hardy  crop 
raised  from  it.  In  Madras,  and  the  writer  is  not  aware  that 
the  plan  is  greatly  in  vogue  elsewhere,  it  is  a common 
practice  to  use  such  raised  lands  as  sewage  farms  ; they  act 
admirably  as  such  owing  to  the  porous  nature  of  the  soil 
so  formed.  Sewage  farming  will  be  referred  to  later  on  in 
connection  with  drainage. 

Suggestions  in  regard  to  tank  filling. — In  addi- 
tion to  the  foregoing  remarks,  the  following  suggestions  in 
regard  to  tank  filling,  framed  by  R.  C.  Sterndale,  Esq., 
Vice-Chairman  of  the  Municipality  of  the  suburbs  of 
Calcutta  for  the  use  of  that  Municipality,  may  be  quoted  ; 
these  rules  met  with  the  approval  of  the  Bengal  G-overn- 
ment : — 

“ The  filling  up  of  existing  holes,  pits  and  low  swampy  lands. 

“ Here  the  municipality  may  come  forward  and  help  land- 
lord and  tenants,  and  in  order  to  do  so  effectually,  I have  to 
propose  the  following  arrangements  for  filling  small  holes  and 
pits  and  raising  low  swampy  lands  within  bustees  and  other 
parts  of  the  township  for  the  mutual  advantage  of  the  Munici- 
pality and  the  rate-payers.  At  present  not  only  does  the  Muni- 
cipality make  nothing  by  the  sale  of  town  sweepings,  but  it  is 
often  put  to  some  difficulty  to  find  convenient  places  of  deposit 
for  them  so  that  the  carts  have  often  to  travel  considerable 
distances  to  dispose  of  their  loads  and  thus  waste  time. 

“One  of  the  objections  to  the  disposal  of  sweepings  within 
the  town  is  the  difficulty  of  getting  earth  to  cover  the  deposit. 
This  can  only  be  met  by  having  earth  dug  beforehand  from  the 
spot  where  the  sweepings  are  to  be  thrown.  This  at  first  sight 
would  appear  somewhat  useless  waste  of  labour,  or  somewhat 
like  the  Irishman’s  effort  to  lengthen  his  blanket  by  cutting  a 
piece  off  the  bottom  to  sew  it  on  to  the  top  ; but  when  it  is 
considered  that  a trench  40'  x 5'  x 5'  will  give  1,000  cubic 
feet  of  earth  equal  to  a surface  area  of  1,000  feet,  if  spread  one 
foot  thick,  it  will  be  seen  that  the  plan  can  bo  advantageously 
carried  out.  Then  supposing  we  have  a tank  of,  say,  100 
feet  long  by  60  feet  wide  and  average  depth  of  12  feet  to 
fill  up,  it  would  be  necessary  to  cut  a trench  10  feet  wide  by 
3 feet  deep  all  round  the  tank,  as  320  x 10  x 3 which  will 
give  9,600  cubic  feet  of  earth  sufficient  to  cover  the  area  of 
tank  and  excavation  one  foot  in  depth  while  100,000  cubic  feet 
of  rubbish,  allowing  about  25  .per  cent,  fof  settling,  will  be 
required  to  fill  the  tank. 

“ As  the  owner  of  the  laud  would  be  a very  considerable 
gainer  in  the  improvement  of  his  property,  the  Municipality 
might  faudy  charge  him,  say,  Es.  100,  or  about  Es.  16  pev 
1;000  feet  of  surface  reclaimed.  I would  make  this  charge 
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where  the  tank  was  over  8,  and  not  exceeding  12  feet  in  depth, 
but  where  less  than  8 feet,  I would  lower  the  charge  to  Rs.  10 
per  1,000  superficial  feet. 

“ The  charges  should,  in  all  cases,  be  mado  in  advance. 

“ The  work  of  excavation,  levelling  and  dressing  should  be 
done  by  the  establishment  coolies  in  the  afternoon,  under  the 
supervision  of  the  overseers,  and  should  be  paid  for  as  overtime 
work  at  regular  earthwork  rates,  the  overseers,  jemadars,  and 
peons  being  paid  a percentage  of  the  amount  in  proportion  to 
their  respective  salaries.  In  order  to  stimulate  the  cartmen 
to  work  quickly,  I would  propose  to  pay  them  a small  sum, 
say,  one  pie  per  cart-load  deposited,  a regular  tally  being 
kept. 

“ Tho  advantage  to  the  Municipality  would  be  the  more  expe- 
ditious and  complete  cleansing  of  streets,  the  removal  of  refuse 
from  courts  and  by-lanes  where  it  now  often  lies  untouched,  the 
increased  healthinoss  of  the  town  resulting  from  this  and  from 
the  suppression  of  so  many  sources  of  malaria,  the  increased 
value  of  taxable  property  and  the  general  benefit  to  the  rate- 
payers in  having  filthy  holes  and  ponds  reclaimed  at  a reason- 
able cost,  the  lands  now  profitless,  made  available  for  tenants  or 
building  purposes. 

“ The  value  of  the  sweepings  may  be  put  out  of  the  question 
at  present,  as  they  are  now  of  little  or  no  profit. 

“The  advantages  gained  may  be  summed  up — 

(1)  A large  number  of  malaria,  fever,  and  cholera  centres 

are  obliterated  from  the  map. 

(2)  A source  of  danger  to  children  and  even  adults  is 

removed  from  the  heart  of  the  bnstees  and  the 

sides  of  the  highways  and  thoroughfares. 

(3)  Valuable  sites  for  either  building,  trade,  or  cultivation 

purposes  are  acquired  at  small  cost. 

(4)  The  Municipality  has  facility  for  disposing  of  the  street 

refuse  without  the  expense  of  a long  lead. 

(5)  A considerable  amount  of  assessable  property  and  con- 

sequent increased  rates  is  acquired. 

“ In  the  suburbs  an  area  of  one  hundred  and  sixty  biggahs  or 
over  54  acres  of  land  has  thus  been  reclaimed,  the  value  of  which 
would  not  be  less  than  Rs.  2,00,000  (two  lakhs  of  rupees). 

“ Where  lands  have  been  reclaimed  in  the  manner  above 
related,  the  local  authority  should  place  a decided  veto  against 
their  being  used  as  building  sites  or  bustee  settlement  for  at 
least  four  to  five  years,  during  which  interval  they  may  be  used 
as  grazing  ground,  gardens  or  plantations.  After  four  or  five 
seasons’  cultivation  they  may  safely  be  built  upon  by  huts  or 
light  structures  which  will  not  require  deep  excavations  to  put 
in  foundations.  The  local  authorities  in  Bengal  have  ample 
powers  under  the  Bengal  Municipal  Acts  to  control  settlement 
on  such  lands,  and  this  is  a matter  that  should  be  insisted  upon 
in  all  cases.” 
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Carbonization  of  [rubbish. — Though  the  ordinary 

method  of  rubbish  disposal  is  by  sale  for  use  as  manure  or  by 
filling  it  into  low  places  and  then  covering  it,  the  plan  of 
burning  or  carbonization  is  coming  more  and  more  into  use. 
The  towns  of  Calcutta  and  Bombay  now  burn  a large  portion 
of  their  rubbish  and  Madras  is  considering  the  adoption  of 
the  system.  The  main  expense  is  the  cost  of  the  construction 
of  the  incinerators,  for,  after  these  are  built  and  the  fires 
once  lighted,  the  rubbish  should  be  burnt  without  any  other 
fuel  than  itself  being  used.  Against  the  first  cost  may  be  set 
the  savings  which  will  result  in  the  less  distance  carts 
would  require  to  travel,  as  the  incinerators,  if  properly  con- 
structed, can  be  located  almost  in  the  centre  of  the  districts 
producing  the  rubbish. 

Again  the  products  of  incineration  are  valuable  and  steam 
can  be  produced  at  a negligible  cost  which  can  be  used  for 
driving  machinery  for  various  purposes  in  connection  with 
conservancy  or  otherwise.  The  composition  of  rubbish  varies 
very  greatly  in  different  countries  and  towns,  and  in  Eng- 
land there  is  a large  amount  of  incombustible  matter  found 
in  it ; this  to  some  extent  will  be  found  in  India.  The  cost 
of  any  process  for  disposal  is  the  price  paid  for  securing 
purity  of  soil  and  air  and  any  proceeds  must  be  set  against 
the  price  of  scavenging. 

The  following  are  the  principal  points  to  be  aimed  at  in 
the  construction  of  a ‘refuse  destructor’  or  ‘incinerator’  : — 

(1)  Means  of  easy  access  by  carts  to  the  tipping  plat- 

form. 

(2)  Easy  and  expeditious  means  of  charging  the 

furnaces. 

(3)  Perfect  and  complete  combustion  without  nui- 

sance, such  as  the  emission  of  dust,  smoke  or 

unconsumed  gases. 

(4)  The  reduction  of  the  material  to  as  small  a bulk 

as  possible. 

(5)  Speedy  combustion. 

(6)  Limited  labour  in  connection  with  them,  thus  the 

cells  should  be  easily  charged  and  cleared. 

(7)  The  obtaining  and  utilization  of  as  much  heat  as 

possible. 

Many  destructors  have  been  designed  and  are  in  use  ; the 
one  finding  at  present  most  favour  in  England  is  known  as  the 
‘ Perfectus,’  while  Robert’s  and  those  of  Garlick  and  Chris- 
tiansen’s are  probably  the  best  and  most  suitable  for  India  • 
a sketoh  of  the  Robert’s  destructor  is  given,  (vide,  plate). 
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The  following  is  Robert’s  description  of  his  patent  twin 
and  single  cell  refuse  destructors  : — 

Figure  1 shows  a sectional  end  view  of  Robert’s  Patent 
Refuse  Destructor,  tho  cell  on  the  right  being  a section 
through  the  injector  and  smoko  flue,  and  the  cell  on  the 
left  section  through  tho  fire-doors  and  ash-pit  door  showing 
centre-supporting  wall  of  main  flue  covering. 

Figure  2 show’s  two  twin  destructors  side  by  side,  one 
being  a section  through  the  fire-bars  and  the  other  a front 
view  showing  arrangement  of  smoke  flues,  fire-doors,  and  in- 
jectors, also  main  flue  boiler,  and  chimney.  The  following 
lettering  refers  to  both  view’s  : — A is  the  furnace,  which  is 
built  in  such  a way  as  to  prevent  the  passage  of  any  un- 
consumed gases  into  the  chimney,  this  being  accomplished 
by  closing  the  usual  opening  for  the  escape  of  smoke  above 
the  fire  and  substituting  therefor  openings  B near  the 
fire-bars,  where  tho  fire  is  brightest,  and  where  only  the 
consumed  gases  can  be  drawn  off  ; C are  the  fire-bars 
of  special  shape  with  large  air  spaces  between  them  ; Y is 
a row  of  bars  at  fire-door  end  of  grate  to  admit  air  to  tho 
material  at  the  end ; P is  the  drying  shelf  on  top  of  main  flue 
E leading  into  chimney  ; D is  a perforated  fire-block,  and 
F inlet  for  air  from  the  opening  Y on  top ; the  smoke  flues 
G collect  the  smoke  and  unconsumcd  gases  generated  by  the 
fire,  which  cannot  be  discharged  into  the  chimney  flue  E,  and 
the  injector  H is  for  supplying  an  artificial  current  of  air 
to  the  furnace  and  for  sucking  in  the  smoke  and  gases  from 
the  smoke  flue  G.  The  injector  is  so  constructed  that  one 
end  is  open  to  the  outside  air  and  the  other  open  to  the  fire- 
bars C,  while  it  has  a further  opening  in  its  centre  which 
opens  to  the  smoke  flue  G.  The  injectors  are  of  sufficient 
size  and  number  to  give  an  ample  supply  of  air  to  tho  fire, 
and  also  to  draw  in  the  smoke  and  gases  from  the  flues  G. 
They  are  also  provided  with  a regulator,  so  that  the  quantity 
of  air  and  unconsumcd  gases  injected  can  be  regulated,  for 
instance,  by  closing  the  supply  of  air  to  tho  injector,  the 
air  and  gases  in  the  cell  can  be  made  to  circulate  through 
and  through  the  material  in  course  of  combustion,  and  by 
opening  the  air  inlet  to  injector  and  closing  the  flue  G 
only  fresh  air  would  be  admitted  to  the  fire  which  would 
pass  through  the  chimney ; by  this  means  the  furnace 
can  be  regulated  for  burning  any  material.  All  the  flues 
are  provided  with  doors  for  cleaning ; I is  an  opening 
on  top  of  each  cell,  with  close-fitting  cover  for  filling 
the  furnace ; N is  the  fire-door  near  the  fire-bars,  through 
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which  any  clinkers  are  raked  out ; Q is  an  opening  above 
the  fire-door  for  drawing  the  dried  material  from  off 
shelf  P on  to  the  fire ; M is  the  ash-pit ; X steam  pipes 
from  boiler  S to  inj  ector  H ; the  heat  passing  through 
the  boiler  to  chimney  B is  regulated  by  two  dampers  T, 
so  arranged  that,  when  the  damper  to  boiler  is  open,  the 
one  in  the  flue  W is  closed ; O is  the  ramp,  leading  up 
to  destructors  from  the  road,  and  is  connected  to  the 
destructor  by  an  iron  or  brick  bridge. 

The  mode  of  action  is  as  follows  : — 

The  carts  containing  the  refuse  are  driven  up  the 
ramp  0,  the  feed-hole  cover  I is  removed,  and  the  refuse 
tipped  from  the  cart  into  the  destructor  and  the  cover  I 
replaced.  The  refuse  entering  the  destructor  falls  upon  the 
shelf  P built  over  the  main  flue,  where  it  is  dried.  As 
the  refuse  on  the  fire-bars  0 is  consumed,  the  clinkers  and 
other  non-combustible  materials  are  drawn  out  through 
the  fire-door  N,  the  fire  stirred  up,  and  fresh  material  from 
shelf  P drawn  down  on  to  the  fire  using  open  Q.  The 
unconsumed  gases  in  the  form  of  smoke,  &c.,  generated 
in  the  upper  part  of  the  furnace,  collect  in  the  smoke  flues 
G,  and  are  conducted  into  the  injector  H,  where  they  are 
injected  by  a steam  jet  with  a mixture  of  fresh  air  at  a 
high  temperature  under  the  fire-bars  C,  and  having  to  pass 
through  and  be  exposed  to  the  hottest  part  of  the  fire, 
where  the  fuel  is  incandescent  on  the  way  to  the  chimney 
flue  E,  all  the  unconsumed  gases  will  be  consumed  with  any 
particle  of  carbon  suspended  therein,  and  only  the  vitiated 
air  and  consumed  gases  are  carried  up  the  chimney  flue  E. 
The  gases,  while  being  consumed  and  passing  through  the 
openings  B,  are  supplied  with  heated  fresh  air  through 
opening  F.  Paper  and  other  materials  are  prevented  from 
being  drawn  into  the  flue  E by  the  perforated  firebrick  D. 

This  destructor  is  similar  in  design  to  the  twin  cell 
destructor  but  arranged  for  natural  draught.  The  air  inlet 
F at  flue  end  of  fire-bars  draws  its  supply  of  air  from 
opening  V at  side  of  furnace  instead  of  on  top,  as  in  the 
twin  cell.  As  the  air  and  unconsumed  gases  are  not  forced 
in  by  a steam  jet  as  in  the  twin  cell  destructor,  the  action 
is  as  follows  in  this  case  : The  draught  produced  by  the 
heat  of  the  fire  passing  up  the  chimney  causes  a rush  of 
air  through  the  injectors,  as  they  are  the  only  means  by 
which  air  can  enter.  The  air  rushing  through  the  injector 
sucks  in  the  unconsumed  gases  from  flues  G-  and  mixes 
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therewith  at  a high  temperature.  This  mixture  is  then 
drawn  through  the  bright  part  of  the  fire  and  mixing  with 
the  air  admitted  through  opening  F is  completely  consumed. 
Forced  draught  can  be  applied  to  this  also,  and  where 
straw  and  other  light  material  is  burnt,  which  does  not 
produce  a solid  incandescent  fire,  a small  supplementary 
boiler  with  ooal  or  wood  fuel  should  be  used,  but  where 
cinders  and  large  lieat-producing  material  is  burnt,  a small 
multitubular  boiler  can  be  fixed  in  tho  flues.  The  flues 
and  chimney  can  be  built  large  enough  to  allow  of  an- 
other cell  being  added. 

The  chimney  can  be  entirely  of  brick,  or  an  iron  chim- 
ney can  be  fixed  on  a brick  base. 


Robert’s  destructor  (single  cell)  has  been  erected  and  is 
in  use  at  Howrah  with  the  following  results  : — 

The  cost  was  Rs.  1,000.  * 

It  burns  6 to  7 cart  loads  daily  of  40  cubic  feet  each. 

The  cost  per  month  is  only  Rs.  8. 

The  refuse  after  destruction  amounted  to  12  per  cent, 
of  cinders  and  a small  quantity  of  clinkers. 

Garlick’s  and  Christiansen’s  incinerator  has  been  tried  on 
a larger  scale  in  Bombay  and  the  following  are  the  results 
obtained  by  the  Engineer  of  the  corporation  : — 


(93  cart  loads,  or  46£ 
tons  per  diem, 

132  cart  loads,  or  66 
b tons, 


| wet  weather. 
| dry  weather. 


The  temperature  in  the  furnaces  exceeded  1,500°  F. 
The  ash  produced  by  incinerator  was  . . 9 per  cent. 

If  the  furnaces  were  worked  day  and 
night  the  cost  of  staff,  coal  (12  tons), 
and  oil  per  month  would  be  . . . . Rs.  700 

Tho  quantity  (average)  would  be  per 

month  . . . . . . . . . . Carts  3,300 

The  average  cost  per  cart  would  be  . . Rs.  0-2-5 


The  cost  of  working  in  England  has  been  found  to  vary 
very  much  as  do  the  quantities  burnt. 

The  quantities  burnt  vary  per  cell 

from  . . , . . . . . 4 to  10  tons. 

The  cost  per  ton  from  . . . . 3d.  to  3s.  6d. 

The  cost  of  repairs  on  capital 

expended  . . . . . . 1 to  20  per  cent. 


* This  is  much  less  than  tho  usual  cost,  vide  page  60, 
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The  cost  varies  because  of  the  great  difference  of  the  com- 
position of  the  rubbish  collected  in  one  town  and  another, 
thus  one  town  has  paved  streets,  another  macadam  : one  has 
water  sewage,  another  the  pail  system. 

The  average  cost  of  incinerators  in 

England  per  cell  is- £525,  say  ..  ..  Rs.  10,000 

The  average  number  of  men  employed  per 

cell  . . . . . . . . . . 1'17 

The  average  annual  cost  per  cell  £96,  say.  Rs.  1,800 
The  average  height  of  chimney  . . . . Feet  163 

The  average  cost  of  destruction  per  ton 

11^(7,  say  ..  ..  ..  ..  Re.  1 

The  cost  of  one  cell  of  Robert’s  destructor  will  be  from 
Rs.  2,500  to  Rs.  3,000  ; this  does  not  include  the  cost  of 
the  chimney,  which  does  for  a battery  of  cells,  and  varies 
with  the  height  necessary. 

Against  these  charges,  as  the  incinerator  can  be  placed 
within  the  area  whence  refuse  is  collected,  there  is  the  saving 
to  be  effected  by  the  reduction  of  the  number  of  carts,  bul- 
locks, &c.,  and  the  staff  employed  at  the  rubbish  depSts. 

COLLECTION,  REMOVAL  AND  DISPOSAL  OF  EXCRETA. 

Collection,  removal,  and  disposal  of  excreta. — The 

collection,  removal  and  disposal  of  excreta  has  not  as  yet 
been  referred  to,  but  it  is  no  less  an  important  part  of  sani- 
tation than  the  collection  of  rubbish,  garbage,  and  other  such 
matters,  and  no  branch  of  sanitation  has,  of  late  years,  been 
the  cause  of  more  discussion. 

Energetic  measures  for  disposal  necessary. — 

When  men  collect  in  communities,  the  disposal  of  excreta 
is  literally  a matter  of  life  and  death,  and  before  it  can  be 
Bettled  the  utmost  skill  and  energy  of  a people  may  be  taxed 
(Parkes) . 

Aspects  in  which  the  question  may  be  consi- 
dered.— The  question  is  one  which  may  be  considered  in 
many  aspects,  sanitary,  agricultural  and  financial,  and  in  all 
of  these  are  municipalities  interested. 

Collection  should  be  separate  from  rubbish. — 

There  is  no  doubt  that  the  collection  of  excreta  should  be 
made  separately  from  that  of  street  sweepings  and  rubbish, 
and  for  many  reasons,  the  carts  should  be  air-tight  and 
puch  carts  would  be  unsuitable  for  rubbish  ; to  prevent 
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nuisance,  tho  collection  must  be  mado  at  early  hours  of  the 
morning  or  during  the  night ; the  disposal  of  night-soil 
requires  more  care  and  attention  than  that  of  rubbish. 

The  following  clauses  are  to  be  found  in  the  City  of 
Madras  Municipal  Act : — 

‘ ‘ The  President  shall  provide  suitable  and  sufficient  covered 
vehicles,  carts  or  other  means  for  the  separate  removal  of  night- 
soil  and  other  offensive  matter  from  tho  houses  in  all  parts  of 
the  city  which  the  Governor  in  Council  shall,  by  notification, 
declare  to  be  subject  to  the  provisions  of  this  clause,  and  the 
President  shall  give  notice  of  such  provision. 

“Whoever  deposits  any  night-soil  or  offensive  matter,  after 
such  notice  in  any  dust-bin  or  in  any  vehicle,  cart  or  vessel  not 
covered,  or  in  any  municipal  cart  not  intended  for  that  purpose, 
or  before  or  after  such  notice  in  any  of  the  places  mentioned  in 
clause  2,  section  307,  or  in  any  manner  otherwise  than  directed, 
shall  be  liable  to  a fine  not  exceeding  Es.  10  for  each  offence. 

“ Whoever,  after  such  notice,  deposits  any  matter  other 
than  night-soil  or  other  offensive  matter  in  any  vehicle,  cart  or 
vessel  provided  under  this  section  for  the  separate  removal  of 
night-soil  and  other  offensive  matters,  shall  be  liable  to  a fine 
not  exceeding  Es.  10  for  each  offence,  but  no  person  shall 
be  liable  to  such  fine  by  reason  of  mixing  dry-earth  or  ashes 
with  night-soil  or  other  offensive  matter  in  the  manner  of  a 
deodorant.” 

Rapidity  and  regularity  of  removal  primarily 
necessary. — The  primary  sanitary  object  is  to  remove 
regularly  and  rapidly  the  excreta  from  private  dwellings  and 
public  latrines.  In  England,  under  various  systems,  the 
excreta  is  removed  only  once  a week,  but  in  India,  where 
decomposition  is  muoh  more  rapid,  removal  once  a day  is 
imperative. 

Methods  of  removal. — Tho  usual  methods  of  removal 
of  excreta  are  those  employed  in  water  carriago,  the  dry- 
earth  system,  ordinary  bucket  system,  and  pail  system. 

Removal  by  water  carriage. — Where  an  under- 
ground sewage  system  exists  which  allows  of  the  disposal 
of  excremcntitious  matters  by  water  carriage,  the  method 
of  removal  has  got  past  the  stage  of  useful  discussion,  but 
in  the  majority  of  Indian  towns  and  villages  such  a system 
is  rarely  to  be  found.  The  advantages  of  such  a system  as 
well  as  its  objectionable  features  will  bo  pointed  out  when 
dealing  with  the  question  of  sewerage  and  drainage  ; the 
systems  of  removal  of  excreta  now  to  be  considered  aro  those 
which  are  applied  where  no  drainage  works  find  a place. 
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Moule’s  system. — The  dry-earth  system,  due  to  the 
Rev.  Mr.  Moule,  is  not  new ; its  essential  principle  is  that 
of  the  law  laid  down  by  Moses  which  has  been  already 
referred  to.  Dry- earth  is  a great  deodorizer  of  foul  matters, 
as  a given  quantity  will  destroy  or  prevent  the  escape  of  all 
poisonous  odours.  The  difficulty  in  the  application  of  this 
system  is  the  large  quantity  of  dry-earth  required,  certainly 
not  loss  than  2|  lbs.  per  person  a day,  and  this  amounts 
to  about  408  tons  per  1,000  people  per  annum;  this  is  for 
fluid  as  well  as  solid  excrement.  There  is  also  the  difficulty 
of  procuring  and  storing  dry-earth,  especially  during  wet 
weather.  These  difficulties  and  the  attendant  expense  pre- 
clude the  general  adoption  of  this  system  which,  however, 
can  be  applied  in  special  cases. 

By  the  addition  of  the  above  quantity  of  dry-earth  the 
excrement  will  remain  inoffensive  for  two  to  three  months. 
It  appears  that  a certain  disintegration  of  fmcal  matters  and 
a combination  between  earth  and  organic  matters  contained 
in  the  excrement  take  place.  After  a time  no  excremental 
matter  whatever  can  be  detected  in  the  mixture  ; less  earth 
than  the  above  quantity  is  insufficient,  more  is  useless. 

Certain  earths  are  better  than  others  for  deodorization 
and  they  may  be  classified  in  the  following  order  : — (1)  Rich 
garden  mould,  (2)  Petty  soils,  (3)  Black  cotton  soils, 
(4)  Clays,  (5)  Stiff  clayey  loams,  (6)  Red  ferruginous  loams, 
(7)  Sandy  loams  and  (8)  Sand. 

The  advantages  of  the  dry-earth  system  are,  that  by  its 
use,  both  the  liquid  and  solid  excreta  can  be  received  and 
rendered  easily  removable  without  offence  or  loss  of  value 
as  manure,  that  the  action  of  the  earth  on  the  excreta  is 
immediate,  all  fermentation  being  prevented,  and  that  the 
absorption  and  deodorization  of  the  excreta  result  in  pre- 
venting infection. 

Owing  to  the  large  amount  of  earth  which  is  required  to 
be  carried  into  a town  and  out  again,  the  system  is  a very 
expensive  one  and  while  it  may  very  properly  be  applied  to 
jails,  hospitals  or  public  latrines,  it  is  not  well  suited  for  large 
centres  of  population  and,  indeed,  if  a daily  removal  system 
is  in  force,  it  is  not  a positive  necessity  ; it  should,  however, 
be  adopted  in  all  cases  of  infectious  disease  even  though  other 
deodorants  and  disinfectants  be  used. 

Again  in  India  closets  are  not  used  as  a rule  by  the 
great  body  of  the  people  as  in  England  except  probably  in 
the  case  of  public  latrines,  but  even  these,  in  many  instances, 
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aro  not  of  a design  to  which  the  dry-earth  system  can  bo 
applied. 

Bucket  system. — The  ordinary  bucket  system  is  per- 
haps, the  most  suitable  to  India  when  the  collection  takes 
place  daily.  In  Bombay,  this  system  is  known  as  the 
Ilalalcore  system,  and  there  is  a special  assessment  levied  for 
the  duties  entailed.  There  are  gangs  of  scavengers  each  of 
which  have  from  30  to  40  houses  allotted  to  them.  These 
men  visit  the  houses  daily  and  remove  the  contents  of  the 
privy  daily  in  a closed  wooden  or  zinc  bucket  to  central 
dep6ts,  where  the  tilth  is  collected  in  air-tight  carts  and 
carried  beyond  tho  town  or  discharged  into  the  sewers  at 
places  provided  for  that  purpose. 

Madras  bucket  system  as  applied  to  densely 
populated  localities. — In  the  more  populated  districts  of 
tho  city  of  Madras  a somewhat  similar  plan  is  in  vogue,  but 
the  sweepers  do  not  enter  the  houses.  A certain  number  of 
streets  are  allotted  to  the  sweepers.  These  men,  at  certain 
hours  of  the  morning,  6 to  8 a.m.,  pass  through  the  streets 
with  a bucket  mounted  on  wheels  and  into  these,  as  the  men 
pass,  are  emptied  the  privy  contents  by  the  sweepers  belong- 
ing to  the  various  houses.  When  a bucket  is  filled,  the 
sweeper  wheels  his  bucket  to  what  are  called  ‘ Trolly  sta- 
tions/ At  these  places  are  stationed  trollies  or  carts  ( vide 
plate)  each  of  which  carry  eight  of  these  buckets,  and  here 
the  sweeper  exchanges  a full  for  an  empty  bucket  and  returns 
to  his  beat.  Each  trolly  serves  a small  area  of  tho  city  and 
when  it  has  received  eight  buckets  full  it  goes  direct  to  tho 
night-soil  depdt  or  to  a canal  wharf,  where  from  80  to  140 
buckets  are  loaded  on  board  a boat  which  carries  them  many 
miles  along  the  canal  to  the  night-soil  dcpOts  where  tho 
night-soil  is  buried  and  afterwards  disposed  of. 

Madras  system  as  applied  to  suburban  parts  of 
the  city. — In  the  less  thickly  populated  and  suburban 
divisions  of  Madras,  the  inhabitants  are  required  to  provide 
themselves  with  buckets  of  a capacity  suited  to  the  size  of 
their  household.  Into  these  buckets  must  be  thrown  all  soil 
and  animal  matter,  and  the  buckets  remain  in  a screened 
position  and  ready  between  12  (mid)  and  6 A.M.;for  emptying. 

Amount  of  excreta  to  be  collected.— A matter  for 
determination  in  each  particular  town  is  the  amount!‘of 
solid  and  fluid  matters  which  ought  to!  be  collected.  The 
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production  of  faecal  matters  has  been  estimated  per  person 
as  follows  * : — 


Adult. 

Average. 

Solids  per  diem  ...  ...  ...  lb. 

Fluids  do.  ...  ...  •••  lbs. 

Solids  per  annum  ...  ...  ...  „ 

Fluids  do.  ...  ...  •••  » 

Solids  do.  ...  ...  ...  c.  ft. 

Fluids  do.  ...  ...  •••  „ 

•33 

253 

121-18 

935-64 

1-92 

14-85 

0- 24 

1- 51 
87-60 

542-40 

1-40 

8-60 

Circumstances  tending  to  vary  amount. — The 

nature  of  the  food  will  influence  the  quantities  of  solid  and 
fluid  matters,  and  the  amount  of  matter  to  be  carried  away 
will  greatly  depend  on  whether  the  urine  runs  off  by  drains 
or  remains  in  the  latrines  or  cess-pools. 

Ultimate  disposal. — The  consideration  of  the  ultimate 
disposal  of  excreta  brings  forward  the  agricultural  and 
financial  part  of  the  question. 

Human  excrement,  a valuable  manure. — It  is  well 
known  that  human  excrement  is  a most  valuable  manure ; 
the  annual  produce  of  an  average  individual  of  the  four 
principal  useful  components  is  as  follows : — 


Fasces. 

Urine. 

Total. 

Value- 

Ammonia 

Phosphate  of  lime  ... 
Potash 

Organic  substance 

LBS. 

1- 49 

2- 00 
0-25 

10-51 

LBS. 

9-38 

2-80 

1-08 

22-49 

LBS. 

10-87 

4-80 

1-33 

33-00 

RS. 

5 

1-2 

0-33 

0-33 

14-25 

35-75 

50-00 

6-86 

Excrement  compared  with  guano.— A quantity  of 
human  excrement,  if  reduced  by  evaporation  to  the  condi- 
tion of  dry  guano,  would  contain  about  2|  times  the  amount 
of  ammonia  which  the  same  quantity  of  guano  does,  and  it  is 
thus  a most  valuable  fertilizing  manure. 

Excreta  valuable  if  properly  collected.— At  present 
there  is  no  known  system  of  disposal  of  excrementitious 


* These  are  from  European  tables.  MacNally  says  that  the  quantity 
of  ordure  from  a mixed  Indian  population  is  about  7i  oz.  per  head  dailv 
and  of  urine  If  pints  or  including  ablution  water  2}  pints  y 


OF  TOWNS  AND  VILLAGES . 


65 


matters  from  towns  which  can  he  called  a commercial  suc- 
cess, but,  if  excreta  is  collected  and  disposed  of  in  a proper 
manner,  it  is  a property  which  will  give  a not  inconsiderable 
return.  It  is  necessary  that  excreta  should  be  removed  in  as 
pure  a state  as  possible,  for,  if  it  be  mixed  with  quantities  of 
sand  or  other  such  substances,  it  becomes  unfitted  for  appli- 
cation to  land  or  for  the  manufacture  of  poudrette. 

Method  of  application  of  night-soil  to  the  soil. — 

Night-soil,  when  collected,  can  be  either  applied  directly 
to  the  soil  or  it  may  be  formed  into  poudrette  or  buried  in 
pits  which  is  the  cheaper  method.  Direct  application  to  the 
soil  may  be  effected  by  mixing  the  excreta  with  a little  town 
refuse  and  then  distributing  it  over  the  land,  digging  it  in  at- 
the  roots  of  trees  or  in  trenches  such  as  are  in  betel  or  plan- 
tain topes.  This  system  is  objectionable  in  populated  locali- 
ties; it  is  a system  much  in  use  in  China  where  prejudices 
against  the  use  of  excretal  matter  are  unknown  and  where 
every  yard  of  soil  is  cultivated  and  every  individual  treo 
manured. 

Manufacture  of  poudrette.  — The  manufacture  of 
poudrette  consists  of  the  treatment  of  the  excreta  with  fine 
ashes,  carbonized  rubbish,  &c.,  which  are  stored  in  shallow 
trenches  and  into  which  tho  excreta  is  poured  on  arrival. 
The  material  is  then  allowed  to  dry,  or  dried  artificially. 

The  following  is  a description  of  the  Poona  method  of 
disposal  called  the  sun-drying  process  : — 

The  street  and  house  refuse  collected  from  the  dust-bins  of 
the  city  are  carted  out  and  burnt  into  ashes.  Beds  are  formed 
with  floors  made  of  murum  or  other  hard  substance  to  receive  tho 
night-soil.  The  beds  are  eighteen  feet  square  and  one  foot 
deep.  A layer  of  ashes,  one  inch  thick,  is  first  spread  over  the 
floor  of  the  beds,  and  night-soil  is  then  poured  on  about  five 
inches  deep  and  is  covered  over  with  another  layer  of  ashes,  also 
one  inch  thick.  It  is  then  allowed  to-  remain  for  twenty-four 
hours  in  the  sun  during  the  fair  season,  and  for  three  days  under 
sheds  during  the  rainy  season.  The  night-soil  is,  after  the  lapse 
of  time  mentioned  above,  stirred  and  well  mixed  with  the  ashes 
spread  above  and  below  it,  and  a fresh  layer  of  the  latter,  half 
an  inch  thick,  put  on,  when  it  is  allowed  to  lie  for  three  days 
further  in  the  fair  season  and  eight  days  during  the  rains.  The 
mixture  is  then  again  stirred,  taken  out  of  the  beds  and  spread 
on  dry  open  ground  exposed  to  the  sun,  to  complete  its  drying. 
It  is  then  stored  in  heaps  for  sale  and  is  in  dry  weather  fit  for 
immediate  use.  In  the  rainy  season  the  drying  has  occasionally 
to  be  done  under  cover,  and  consequently  the  process  occupies  as 
many  as  twelve  days,  whereas  in  the  cold  season  it  takes  six  and 
in  the  hot  season  only  four  days. 
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It  is  said  that  the  manure  thus  prepared  is  so  much  appre- 
ciated by  cultivators  that  payment  is  frequently  made  four  to 
six  months  in  advance  to  secure  a supply. 

The  financial  result  is  certainly  encouraging,  the  total  cost 
having  been  Rs.  18,000  and  the  receipts  Rs.  5,000  per  annum. 
The  actual  cost  of  removing  the  filth  from  the  town,  an  un- 
avoidable charge  it  must  be  borne  in  mind,  was  Rs.  14,400,  so 
that  the  net  profit  on  the  actual  expense  of  manufacture,  viz., 
Rs.  3,600,  was  Rs.  1,400,  or  nearly  39  per  cent. 

Burial  of  soil  in  trenches. — Burial  in  trenches  is  an 
extremely  convenient  process  where  a sufficient  area  of  dry 
land  can  be  obtained  apart  from  dwellings,  but  is  advisable 
that  the  area  should  be  equal  to  the  demands  of  the  town  or 
portion  of  the  town  to  be  served  by  it  for  a period  of  eight 
years.  The  trenches  should  be  2 to  3 feet  broad,  3 feet  deep 
and  with  2 feet  between  each  trench.  The  trenches  ought 
not  to  be  filled  more  than  2 feet  deep.  At  the  end  of  the 
seventh  year  the  first  year’s  soil  may  then  be  sold  and  next 
year  the  second  year’s,  &c.  Under  such  a system  the  chance 
of  causing  the  germination  of  disease  would  be  extremely 
small,  as  the  soil  would  then  be  in  such  a condition  as  would 
allow  of  its  transportation  without  offence. 

A system  adopted  by  the  Calcutta  Suburban  Munici- 
pality, consisted  in  deep  and  close  trenching  in  garden 
grounds  with  annual  removal,  and  as  in  some  instances  a 
sufficient  area  of  land  may  not  be  obtainable  to  allow  of  the 
adoption  of  the  system  above  advocated,  a description  of  the 
results  of  that  system  may  be  found  useful. 

1st. — Ground  used  for  the  burial  of  night-soil  in  the  month 
of  April  was  opened  up  in  the  beginning  of  November  follow- 
ing. To  a depth  of  two  feet  from  the  surface  the  soil  was  ordi- 
nary stiff  alluvial  earth  ; the  next  or  night-soil  layer  consisted 
of  a loose  rich,  black  moidd,  without  any  offensive  smell  or  any 
trace  of  faecal  matter,  quite  fit  for  garden  purposes.  After  a 
few  days’  exposure  to  light  and  air,  it  was  undistinguishable 
from  the  surface  soil. 

2nd. — Trenches  used  in  May  were  dug  up,  the  night-soil 
layer  being  a bluish  black  mould,  free  from  any  smell  or  ap- 
pearance of  f cecal  matter. 

3rd. — Trenches  used  in  June  aud  July  were  not  sensibly 
different  from  the  last,  except  that  traces  of  fcecal  matter, 
chiefly  fibrous,  were  visible  throughout  the  mass. 

4th. — Trenches  used  in  August  were  somewhat  offensive 
when  opened  and  fcecal  matter  was  found  in  masses  still  un- 
converted. 

5th.—' The  trenches  recently  filled  in  November  were  perfectly 
inoffensive,  until  the  layer  of  night-soil  was  exposed  by  the 
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spade,  when  an  offensive  odour  was  perceptible  close  to  the 
trench.  But  the  mass  was  perceptibly  undergoing  a change. 

Every  effort  is  made  to  mix  the  soil  with  earth  as  dry  as 
possible  when  the  trenches  are  being  filled  and  the  last  eighteen 
inches  is  filled  up  with  oarth  alone. 

Revenue  derivable  by  sale  of  night-soil. — A con- 
siderable profit  is  very  often  derived  from  the  sale  of  night- 
soil.  Antwerp  obtains  £2,700  per  annum,  Ostend  £700, 
Stockholm  £2,000,  and  Nottingham  £2,000.  The  cost  of 
scavengoring  at  Poona  is  Es.  18,000  annually,  and  Es.  5,000 
are  obtained  from  the  product  of  the  sun-drying  process. 
Sir  E.  C.  Buck  has  said  that  Es.  25,000  per  annum  has  been 
obtained  from  the  sale  of  night-soil  per  annum  at  Farukha- 
bad.  In  Madras  the  amount  realized  annually  by  sale  of 
night-soil  from  one  dopdt,  where  the  excrement  of  124,000 
people  are  deposited,  is  Es.  4,000.  The  night-soil  is  eagerly 
nought  by  cultivators  of  the  lands  outside  the  city,  who 
have  already  found  out  what  valuable  manure  it  is.  Much 
of  the  Madras  night-soil,  however,  is  delivered  mixed  with 
sand  from  the  open  latrines  of  the  city,  and  this  consequently 
deteriorates  its  value. 

PLANT  FOR  REMOVAL  OF  WASTE. 

Carts,  &c. 

As  previously  stated,  the  actual  sweeping  of  the  streets 
may  be  effected  by  hand  or  machinery. 

In  England  the  sweeping  by  manual  labour  is  effected  by 
bass  brooms  which  are  considered  better  than  birch  brooms ; 
of  whatever  material  formed  the  brooms  should  be  suffi- 
ciently stout  of  regular  length  and  somewhat  elastic  and 
not  dry. 

When  machinery  is  employed  the  machine  consists  of 
rotary  brushes  fixed  in  a frame  and  usually  drawn  by  one 
horse.  An  ordinary  size  of  machine  clears  a width  of  6 
feet,  the  brush  or  portions  into  which  it  is  divided  works 
diagonally  clearing  itself  of  mud  or  dust  as  it  progresses. 
It  can  probably  sweep  15,000  square  yards  of  road  per  hour 
equal  to  the  work  of  50  ordinary  Englishmen. 

These  machines  cost  £30  each  and  cost  little  for  repair 
except  the  brushes  which  cost  £2-15-0  a set  and  they  last  for 
about  180  hours  work. 

The  ridge  of  sweepings  left  by  the  machine  is  swept 
into  heaps  and  put  into  carts  to  be  taken  away  in  the  ordi- 
nary manner. 
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The  amount  of  plant  requisite  to  efficiently  carry  out 
the  removal  of  rubbish  is  a matter  of  somewhat  difficult 
estimation  and  must  be  determined  by  local  conditions. 

These  conditions  are — 

(1)  The  production  of  rubbish  per  head. 

(2)  The  capacity  of  the  carts. 

(3)  The  mean  distance  the  depOts  are  situated  in 

reference  to  each  section  into  which  the  town 
may  be  divided  for  conservancy  purposes. 


Portions  of  the  town  lying  further  away  from  the  depOts 
will  require  a staff  larger  in  proportion  to  the  population  as 
compared  with  districts  nearer  the  depOts ; again  scattered 
districts  require  a larger  proportionate  staff  than  crowded 
localities  per  head  of  population. 

If  horses  or  ponies  are  used,  the  time  of  transit  after 
collection  of  rubbish  will  be  more  speedy  than  if  bullocks 
are  employed. 

It  may  be  roughly  estimated  that  bullocks  when  working 
nine  hours  per  diem,  passing  through  streets,  waiting  for  the 
collection  of  the  rubbish  and  then  proceeding  to  the  depbts 
and  depositing  rubbish  will  not  cover  more  than  nine  miles 
or,  say,  one  mile  per  hour. 

A pair  of  bullocks  will  work  a cart  weighing  8 cwt.  and 
containing  32  cubic  feet  or  17  cwt.  of  rubbish.  The  quantity 
of  rubbish  collected  daily  from  1,000  people  varies  much 
according  to  the  nature  of  their  food  and  habits,  but  it  may 
amount  to  about  1 ton  daily.  In  Bombay  it  is  said  to 
be  only  half  a ton. 


The  number  of  carts  may  be  roughly  determined  (having 
due  regard  to  the  considerations  already  referred  to)  on  the 
following  basis  : — 

Lot  P = Population  in  thousands. 

Cl  — Tons  of  rubbish  produced  per  thousand  per  diem. 

X = Double  the  distance  (mean)  of  any  section  of  the 
town  from  the  depot. 

M = The  number  of  miles  travelled  per  diem  in  collect- 
ing and  depositing  rubbish. 

C = Capacity  of  cart  in  tons. 


Then  the  number  of  carts  required  will  be 


P X Q x X 
M x C 


Take,  for  example,  a section  of  a city  with  10,000  people 
having  its  mean  distance  from  the  depots  as  two  miles  and  the 
capacity  of  its  rubbish  carts  as  three-quarter  of  a ton  ; suppose 
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that  each  bullock  can  travel  nine  miles  daily  and  that 
the  production  of  rubbish  per  1,000  persons  is  a ton ; then 


the  number)  PxQxX  10x1x4 


of  carts  re- 
quired. ) 


C x M 


•75  X 9 


40 

'&T5 


= 6 carts. 


The  number  of  carts,  &o.,  required  for  the  collection  of 
excreta  can  as  easily  bo  deduced.  Experience  in  other 
adjacent  towns  is,  however,  a great  guide,  though  it  will  be 
found  that  unaccountable  differences  exist  in  the  amount  of 
the  staff  which  is  very  often  the  result  of  gradual  growth 
and  not  an  amount  fixed  with  regard  to  any  scientific  prin- 
ciples and  very  often  with  little  reference  to  the  amount  of 
rubbish  which  ought  to  be  removed. 

The  next  important  matter  is  the  class  of  plant  which 
ought  to  be  employed,  that  is  to  say,  whether  the  carts  ought 
to  be  wood  or  iron,  and  what  their  capacity  ought  to  be,  the 
most  economical  being  of  course  those  in  which  the  weight 
of  the  cart  itself  bears  the  least  proportion  to  the  amount  it 
carries.  There  are  the  further  considerations  as  to  whether 
the  carts  are  to  be  drawn  by  horses,  ponies,  bullocks  or  men 
and  the  class  of  plant  suitable  for  each. 

It  may  be  stated  that  for  dry  rubbish,  open  carts  may 
be  used,  but  that  for  all  liquid  sewage  and  solid  or  liquid 
excreta  covered  carts  are  indispensable. 


The  plates  accompanying  show  various  designs  adopted 
in  India  with  their  weights  and  capacity  and  weight  of 
material  carried,  and  the  cost  of  each  oart  as  far  as  it  has 
been  possible  to  ascertain  it. 

Lighter  carts  and  carts  with  brakes  are  required  at  hill 
stations  where  a somewhat  different  construction  is  required 
to  that  on  the  plains. 


Tramways. 


Necessity  for  tramways. — Tho  difficulty  of  finding 
land  close  to  a town  for  the  deposit  of  rubbish  and  tho  objec- 
tions against  such  deposit  in  too  close  proximity  to  a town 
have  led  many  municipalities  to  consider  the  necessity  for 
a cheaper  means  of  transport  to  lands  where  rubbish  can  bo 
disposed  of  unobjectionably. 

Savings  effected  by  tramways. — Tramways  may 
traverse  the  main  streets  of  a town  but  it  is  evident  that  they 
cannot  be  laid  so  as  to  allow  of  the  direct  reception  into  trucks 
from  all  parts  and  streets  of  a town.  A double  handling  of 
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the  rubbish  and  refuse  is  therefore  a necessity  ; it  is  evident 
that  unless  this  expense  is  counterbalanced  by  some  saving 
in  labour  or  time,  it  would  not  be  expedient  to  adopt  the 
tramway  system  for  the  removal  of  rubbish.  The  savings, 
which  can  be  effected  when  a tramway  is  made  available,  are 
due  to  a less  number  of  carts  and  animals  being  necessary, 
because  of  the  easier  traction,  the  greater  load  which  can  be 
carried,  and  the  greater  speed  of  transport.  It  is  a matter 
for  determination  with  regard  to  the  special  circumstances  of 
each  town  when  it  ceases  to  be  the  most  economical  method 
of  transport  to  convey  the  quantity  collected  by  separate  carts 
direct  to  a depot ; the  point  at  which  it  is  more  economical 
to  adopt  the  tramway  system  of  transport  dependsc  hiefly  on 
the  proximity  of  the  depot  and  the  distance  which  has  to  be 
travelled  in  the  town  area. 

The  saving,  which  can  be  effected  by  the  substitution  of  a 
tramway  for  the  distance  traversed  between  the  town  and 
the  dep6t,  is  the  difference  between  the  cost  of  working  the 
tramway  (including  interest  on  first  cost,  &c.)  and  the  saving 
by  the  less  number  of  miles  requiring  to  be  traversed  by  the 
carts  and  bullocks  or  ponies  or  whatever  the  draught  power 
may  be,  a less  number  of  carts  and  bullocks  being  required 
for  the  work  owing  to  the  omission  of  the  distance  the  tram- 
way traverses.  A statement  following  showrs  the  saving  by 
substituting  a tramway  between  a town  and  a depot,  the 
distance  being  2 miles  and  the  population  140,000. 

Details  of  existing  tramways. — A municipality 
having  to  decide  questions  such  as  the  advisability  of  adopting 
a system  of  tramways  for  the  removal  of  rubbish  naturally 
looks  to  the  experience  of  other  towns.  Many  towns  in  India 
have  adopted  the  system  either  for  the  conveyance  of  rubbish 
or  excreta,  or  both.  The  following  towns  are  among  those 
which  have  done  so  : — 


Length. 

Gauge. 

Weight  of 
rail  used. 

Calcutta  municipality  ... 

MILES. 

10 

FEET. 

2 

18  lb.  per  yard. 

Ahmedabad 

do.  

H 

2 

14  lb. 

do. 

Amritsar 

do. 

5 

2 

14  lb. 

do. 

Karachi 

do. 

H 

2| 

18  lb. 

do. 

Bassein 

do.  

3 

2 

10  lb. 

do. 

Delhi 

do.  

2 

14  lb. 

do. 
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Amritsar  tramways. — The  following  information 
is  extracted  from  a report  by  Mr.  Niclioll,  Secretary  of  tlio 
Municipality,  on  the  working  of  tho  Amritsar  tramway  and 
affords  valuablo  information  as  to  the  cost  of,  and  tho  saving 
effected  by,  the  introduction  cf  such  a work  : — 

“ Tho  material  for  the  tramway  arrived  in  Amritsar  in 
October  1882,  and  by  tho  14th  December  tho  5 miles  of  line 
wero  laid.  Of  theso  only  2 miles  were  opened  for  conservancy 
work.  Tho  remaining  3 miles  with  a proportion  of  tho 
rolling-stock  wero  utilized  in  convoying  earth  to  fill  up  tho 
city  ditch. 

“ Tho  Municipality  of  Amritsar  purchased  5 miles  of 
straight  line,  with  the  necessary  curves,  crossings,  32  double- 
tipping wagons,  two  ballast  wagons,  one  covered  wagon  and 
two  passenger  cars,  with  necessary  tools  and  extras.  The  total 
cost  delivered  in  Amritsar  was  Bs.  46,460.* 

“ The  line  is  2 feet  gauge.  The  rails  are  steel,  14  lb.  to 
the  yard,  supported  on  corrugated  steel  sleepers.  By  a simple 
system  of  clutch  bolts,  the  gaugo  is  maintained  in  whatever 
position  tho  line  is  laid.  Tho  rails  being  made  in  15  feet 
lengths,  can  bo  earned  from  place  to  place,  relaid,  and  linked 
in  by  ordinary  coolies,  no  skilled  labour  being  necessary. 

“ Tho  wagons  are  supported  by  four  strong  gudgeons  upon 
wrought  iron  standards,  and  so  balanced  that  they  may  be 
tipped  right  or  left.  The  frame  work  is  of  channel  iron  car- 
ried on  steel  axles  and  spiral  springs.  The  axles  arc  fitted 
with  grease  boxes,  the  whole  being  carried  on  four  chilled 
wheels,’ 14  inches  diameter.  The  capacity  of  the  body  is  20 
cubic  feet  and  when  full  of  earth  can  be  propelled  by  one  man. 

“ To  demonstrate  what  the  tramway  is  capable  of  doing 
and  the  saving  of  money  effected  by  using  it,  two  statements 
(A  and  B)  are  annexed. 

“ From  statement  A,  it  will  be  seen  (column  2)  the  amount 
paid  monthly  for  the  removal  of  the  sweepings  of  tho  city 
when  donkeys  only  wero  employed ; columns  3 and  4 show 
the  present  cost,  and  column  6 the  saving  effected. 

“ For  some  months  tho  conservancy  wagons  were  employed 
in  conveying  earth  to  tho  city  ditch  on  the  return  trips.  Tho 
value  of  the  work  done  is  shown  in  column  7. 

“ Statement  B shows  that  during  the  ten  months,  or  from 
December  1882  till  October  1883,  1,514,460  cubic  feet  of 


* This  would  cost  now  about  Its.  65,000. 
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earth  were  carried  to  the  ditch  from  distances  ranging  from 
500  feet  to  2 miles  and.  cost  a trifle  over  Rs.  5,000.  Now 
to  have  carried  this  quantity  by  the  ordinary  means,  i.e.t 
donkeys  and  country  carts,  the  cost  would,  at  the  very  lowest 
estimate  of  Es.  8 per  1,000  cubic  feet,  have  amounted  to 
Es.  12,115  ; therefore  the  savings  effected;  amount  to  Es. 
12,958,  i.e.,  on  conservancy  line  Es.  5,849. 

“ City  ditch  lines  7,109  or  Es.  1,295  per  mensem. 

“ Deduct  from  this  6 per  cent,  interest  on  capital  outlay 
and  6 per  cent,  for  wear  and  tear  — Es.  4,650  ; there  is  still  a 
clear  profit  of  over  Rs.  8,000  ; so  that  in  six  years  the  original 
outlay  is  repaid. 

“ There  are  other  advantages  which  cannot  be  estimated 
in  money ; they  are  (1)  rapid  removal  of  the  filth  from  the 
city  ; (2)  no  deposits  are  left  on  the  line  or  road,  as  is  the 
case  when  donkeys  are  employed ; their  line  of  route  could 
be  distinctly  traced  and  felt  too  by  droppings  from  the  bags 
or  panniers ; (3)  another  and  very  important  advantage  is 
that  you  have  always  at  hand  a ready  means  of  getting  rid 
of  earth  or  other  matter  from  places  where  carts  could  not  be 
employed.  During  the  year  the  sludge  from  two  tanks  (the 
Durgiana  and  Koulsur)  was  removed  in  a very  short  space  of 
time  during  the  hottest  part  of  the  year,  and  the  earth  exca- 
vated from  two  tanks  on  the  cattle-fair  site  was  utilized  in 
filling  up  hollows,  thereby  reclaiming  valuable  land.  The 
advantages  do  not  appear  in  figures,  but  they  deserve  mention. 

“ Statement  C contains  information  that  may  be  useful  to 
anybody  desirous  of  introducing  the  system  on  a small  scale 
as  an  experiment.  The  Sanitary  Commissioner  with  the 
G-overnment  of  India,  the  Surgeon-G-eneral  of  the  Punj  ab,  the 
Sanitary  Commissioner  of  the  Punjab,  the  Commissioner  of 
the  Amritsar  Division,  and  in  fact  all  who  have  seen  the 
system  at  work  have  expressed  approval  of  it. 

“ On  the  conservancy  line,  horses  are  used ; one  horse 
draws  five  wagons  and  does  the  work  of  25  donkeys ; on  the 
city  ditch  lines  the  wagons  are  propelled  by  coolies.” 


Comparative  Statement  showing  Cost  of  Donkey  Establishment  before  introduction  of  Tramway  and  after. 
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B. 


Statement  showing  the  quantity  of  Earthwork  done  by  the  Tramway 
from  December  1882  till  end  of  October  1883. 


N umber. 

Name  of  section. 

Length 
of  lead 
average. 

Number  of 
wagons 
employed  • 

Rate  per  1 ,000 
cubic  feet. 

Quantity 

delivered. 

Cost  of 
delivery, 
&c. 

Remarks. 

1 

Hakeemanwala 

2.000  ft. 

S 

ES.  A 
2 12 

89  8,940 

ES.  A.  P. 
2,443  4 1 

2 

H&thee  

500  ft. 

9 

2 8 

376  ,520 
201.  420 

921  8 11 

3 

Kot  Syud  Mahmud... 

2 miles. 

20 

4 0 

799  8 4 

4 

Dingarh  

1,500  ft. 

10 

3 0 

37,580 

112  11  6 

Durgiana, 
Koulsur, 
digging  by 
gangs,  &c. 

5 

Miscellaneous 

5 

729  13  0 

Total  ... 

... 

... 

... 

1,514,460 

5,006  13  10 

C. 


Statement  of  cost  of  one  mile  of  Portable  Railway  and  twenty  wagons 
delivered  at  Amritsar , Rails  2 feet  gauge , 14  lbs.  per  yard. 


Name  of  article. 

Number. 

Cost  in 
England. 

Cost  in  India 
with  exchange 
at  1-7  A 
added. 

Freight  and 
railway 
charges. 

Remarks. 

Straight  line 

1 mile. 

£ s.  d. 
424  0 0 

ES.  A P. 

ES.  A.  P. 

Supplied 
by  John 
Fowler  and 
Co.,  Steam 
Plough 
Wks., Leeds. 

Curves,  right  and  left 

Crossings,  right  and  left,  24 
feet  radius. 

Crossings,  two-way,  24  feet 
radius. 

Crossings,  level,  with  plank- 
ing. 

Double-tipping  wagons, 

complete,  C.  pattern. 

Spares  and  tools  

50  yards. 

4 

2 

30  yards. 
20 

14  11  8 
21  8 0 

8 5 0 

19  17  6 

216  0 0 

11  15  0 

... 

... 

Total ... 

... 

715  17  2 

8,983  5 1 

1,800  0 0 

Grand  Total,  say  ... 

... 

... 

... 

10,783  0 0 

Cost  of  tramways. — The  following  comparative  state- 
ment gives  pretty  full  information  in  regard  to  the  original 
cost  and  working  charges  of  some  of  the  lines  previously 
mentioned 
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Particulars.  Karachi  municipality.  Bassein  municipality.  municipality  Delhi  municipality. 
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The  following  points  require  notice  in  regard  to  the  above 
statement.  The  Karachi  line  was  laid  with  old  rails  and 
sleepers ; this  plan  is  sometimes  cheaper  than  the  purchase  of 
even  very  much  lighter  material.  At  Bassein  the  sweepings 
are  used  for  agricultural'  purposes  and  the  line  kept  in  repair 
by  the  ordinary  road  staff  and  conservancy  establishment. 
The  night-soil  is  removed  in  special  air-tight  vans  during  the 
night ; it  is  deposited  in  trenches  1 0 feet  wide  and  covered 
with  fresh  earth.  The  place  of  deposit  is  1 mile  outside  the 
town.  The  Ahmodabad  tramway  is  used  for  conveying  night- 
soil  and  sullage  water  to  a distance  of  3 miles  from  the  city ; 
no  sweepings  are  carried  over  the  line  ( 189  i). 

It  will  be  noticed  that  no  engine  power  is  used  on  these 
tramways ; this,  where  the  distance  to  the  depot  is  compara- 
tively short,  is  unnecessary,  and  no  new  bridges,  or  strengthen- 
ing of  old  bridges  is  required  as  might  be  the  case  if  engines 
were  used. 

Estimation  of  cost  of,  and  savings  due  to  use 
of,  tramways. — The  cost  of  any  tramway  will  depend 
chiefly  (1)  on  the  weight  and  cost  of  the  rails,  (2)  the  cost  of 
ballasting,  (3)  whether  the  line  can  be  laid  along  existing 
roads  or  not,  (4)  the  cost  of  the  plant.  The  cost  of  working 
per  mile  will  depend  (1)  on  the  power  used,  (2)  the  efficient 
or  non- efficient  manner  in  which  the  line  has  been  laid  and 
(3)  the  character  of  the  material  ballast  of  which  it  has  been 
constructed. 

The  following  estimate  gives  an  idea  of  the  cost  of  2 
miles  of  average  light  tramway  and  plant  for  the  conveyance 
of  the  rubbish  for  a population  of  140,000  people.  The  tram- 
way is  supposed  to  be  laid  along  a road  side  and  no  banking 
or  cutting  required  : — 


Estimate  for  2 miles  of  light  Tramway  and  Plant  for  the 
of  Publish  for  a Population  of  140,000. 

Two  miles  of  rails,  24"  gauge,  14  lbs.  per  yard, 
with  corrugated  sheet,  sleepers  and  all  fasten- 
ings complete,  at  £360  per  mile 
Curves,  right  and  left,  100  yards 
Bight  and  left  hand  crossings,  8 No. 

Two-way  crossings,  4 No. 

Level  crossing  (wood  planking),  30  yards 
One  quarter  mile  of  light  10  lbs.  rails  at  trench- 
ing ground  and  crossings 
Tools,  &c.  . , 


conveyance 

£ 

720 

30 

49 

18 

20 

70 

33 


• ♦ 


Total 


940 
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Double-tipping  wagons  complete, 
No.  75  * 


C.  pattern, 

• » • • 


£ 

900 


Total  ..  1,840 


RS. 

£1,840  at  exchange  Is.  Id = 34,000 

Laying  line,  2 miles = 1,200 

Cost  of  depot  . . = 1,000 

Carriage,  contingencies,  &c.  ..  ..  = 1,800 


Total  . . 38,000 

Add  to  this  cost  of  15  f horses  at  Rs.  500  . . 7,500 


Total  outlay  . . 45,500 


Annual  maintenance  charges  of  the  tramway  and  horses — 

RS. 

Interest  on  first  outlay  at  4 per  cent,  on  Rs. 

45,500  1,820 

Maintenance  and  repairs  to  wagons,  and  tram- 
way at  6 per  cent,  on  cost  of  tramway  and 
wagons  on  Rs.  38,000  . . . . . . 2,280 

Maintenance  charge  of  15  horses  at  Rs.  360  J 

a horse  . . . . . . . . . . 5,400 

Total  annual  charges  . . 9,500 


No  charge  is  made  for  transfer  from  carts  to  wagons,  as 
that  cost  is  now  incurred  at  the  depots.  There  will  be  a small 
expenditure  at  the  depots  for  emptying  the  tipping  wagons. 

The  number  of  miles  which  would  be  travelled  (full  and 
empty  trains)  would  be  365  x 2 x 2 x 4 = 5,840  per  annum. 

The  number  of  tons  140x365  = 51,100  per  annum. 

Each  ton  is  carried  — 2 miles. 


# Each  wagon  holds  20  cubic  feet. 

The  rubbish  from  140,000  people  per  diem  weighs  140  tons. 

1 cwt.  of  rubbish  = fy  cubic  feet. 

140  tons  of  rubbish  = ^fX  140  X 20  = 5,765  cubic  feet,  or  4£24  =* 
288  wagons. 

But  as  four  trips  can  be  made  in  a day,  the  number  of  wagons 
required  = = 72,  say  75  wagons. 

t One  horse  can  draw  100  cubic  feet  or  a train  of  5 wagons  of  20  cubic 
feet  each. 

The  number  of  horses  required  for  75  wagons  = = 15  horses. 

Rs. 

| Each  horse  oosts  a month  for  maintenance  including  a driver  20 
Monthly  depreciation  on  first  outlay  on  a horse  ...  ...  10 

Monthly  maintenance  charge  for  each  horse  ...  ...  ...  30 

Annual  maintenance  charge  for  each  horse  ...  360 


80 


CHAPTER  II.— CONSERVANCY  AND  SANITATION 


Including  return  empty  — 4 miles. 

Or  ton  miles  including  return  — 817,600  per  annum. 

Cost  per  ton  mile  = 9500 x 16 x. I2  _ 2'2  pies  per  ton  mile,  or 

x 817600  1 A 

= 11  pies  per  ton  mile  if  return  distance  omitted. 

Annual  charges  of  removing  rubbish  to  trenching  ground  by 
bullocks  and  carts  by  road — 


RS. 

Interest  on  cost  of  carts,  Rs.  5,500  * at  4 per 

cent.  . . . . . . . . . . . . 220 

Repairs  to  carts  at  10  per  cent,  on  Rs.  5,500.  550 

Maintenance  charge  of  55  pairs  of  bullocks  at 

Rs.  225  f each  p air  ..  ..  ..  12,375 


Total  annual  charges  ..  13,145 


The  cost  for  any  other  population  can  be  found  in  a simi- 
lar manner  by  reducing  or  increasing  the  number  of  horses 
and  wagons  in  proportion  to  the  population  and  increasing  or 
reducing  the  cost  of  the  line  proportionately  to  the  cost  of  the 
first  item.  A short  tramway  is  therefore  comparatively  more 
expensive  than  a longer  tramway,  that  is,  per  mile  of  line. 
The  cost  of  the  plant  depends  of  course  on  the  quantity  of 
rubbish  to  be  carried. 

If  road  or  other  material  can  be  brought  back  in  the 
empty  wagons,  the  cost  of  working  for  conservancy  purposes 
can  be  much  reduced. 


WATERING  ROADS. 

The  watering  of  roads  is  a sanitary  measure  of  impor- 
tance ; while  it  adds  to  the  comfort  of  the  inhabitants,  it 
has  a considerable  influence  in  preventing  undue  wear  of  the 
roads.  It  is  also  a protective  measure  as  it  prevents  clouds 
of  decaying  refuse  being  distributed. 

To  show  to  what  an  extent  this  process  is  considered 
necessary  in  England,  in  London  alone  1,500  men  and  1 500 
horses  and  carts  are  employed  and  30,000  tons  of  water  are 


# To  carry  140  tons  of  rubbish,  the  number  of  carts  = 140  *20 — carts 

Each  cart  can  make  three  trips  daily:  the  number  of  carts  required  null 
be  Af4  =»  65.  This  number  can,  therefore,  be  saved  and  the  cost  will  be  at 
Rs.  100  = Rs.  5,600. 

f The  hire  of  a pair  of  bulls  fora  month  = Rs.  18-12-0. 

Therefore  the  hire  of  a pair  of  bulls  for  a year  = Rs.  225 1 
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spread  on  tlio  streets  every  dry  day,  the  cost  being  £200,000 
annually  for  an  average  of  120  days. 

There  are  several  plans  possihlo  of  adoption  in  India  ; 
the  following  are  the  most  common  : — 

(1)  Sprinkling  water  from  mussucks  by  hand. 

(2)  Sprinkling  by  water  carts. 

(3)  Damming  up  water  in  the  gutters  and  throwing 
it  on  the  road  with  shovels  (useful  on  ghaut  roads). 

(4)  By  means  of  portable  perforated  pipes  attached  to 
the  hydrants. 

(5)  By  means  of  hose  with  roses  at  the  ends. 

The  first  two  are  the  more  ordinary  methods ; the  latter 
two  can  be  used  only  when  there  is  a perfect  water-supply 
system,  and  when  the  hydrants  on  the  mains  are  placed  at 
short  distances  apart. 

It  is  always  advantageous  to  obtain  wTater  from  a source, 
which  will  deliver  it  above  the  level  of  the  road  as  then 
carts  and  mussucks  can  be  more  conveniently  filled.  Where 
water  cannot  be  put  into  the  carts  without  lifting  it,  pos- 
sibly the  mussuck  system  is  the  best  and  this  system  is 
adopted  even  in  Calcutta  although  the  mussucks  are  filled 
from  the  hydrants. 

The  following  are  some  points  to  be  considered  in  arrang- 
ing for  street  watering  when  there  is  a -water-supply  system  : 

(1) '  The  number,  position  and  class  of  hydrants. 

(2)  Size,  form,  design  and  capacity  of  the  carts  to  be 
employed,  the  points  to  be  aimed  at  being  strength,  light- 
ness of  draught,  durability,  great  width  of  spread,  evenness 
of  distribution  so  as  not  to  leave  pools  or  dry  patches,  or 
to  cause  dust  to  rise  behind  the  cart. 

(3)  The  class  of  hose  to  bo  used,  leather  or  canvass  ; 
canvass  is  probably  the  more  suitable  for  India  as  leather, 
unless  particularly  well  cared  for,  is  liable  to  crack. 

(4)  The  driver  should  be  a man  of  some  intelligence. 

In  road  watering  a check  should  be  kept  on  the  driver, 

and  an  indicator  fixed  on  the  cart,  showing  the  amount  of 
water  used,  is  most  advantageous  in  that  respect. 

The  greater  portion  of  the  work  of  watering  really 
consists  in  travelling  backwards  and  forwards  to  fill ; a very 
small  proportion  of  the  time  is  used  in  actual  distribution. 
This  shows  the  necessity  for  having  hydrants  comparatively 
near  to  one  another,  and  the  capacity  of  the  cart  should  be 
fixed  in  reference  to  the  distance  the  hydrants  are  apart ; for 
instance,  the  capacity  of  the  cart  should  be  as  nearly  as 
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possible  equal  to  the  amount  of  water  used  between  one 
hydrant  to  another.  This  is,  however,  not  always  possible. 
Again,  the  capacity  of  the  cart  is  limited  according  to  whether 
horse  or  manual  labour  is  employed,  and  the  decision  on  this 
point  must  be  on  a financial  basis. 

Some  time  ago  an  account  was  kept  of  carts  working  in 
London  10|  hours  per  day  exclusive  of  breakfast  and  dinner 
hours  : out  of  that  time  it  was  found  that — 

H.  M. 

Filling  occupied  . . . . . . 1 20 

Distribution  only  . . . . . . 0 50 

Travelling  . . . . . . • . 8 7 

The  number  of  hydrants  was  then  increased  and  the 
following  improvement  was  found  : — 

H.  M. 

Filling  . . . . . . . . 2 0 

Distribution  . . . . . . . . 130 

Travelling  . . . . . . . . 6 30 

The  latest  style  of  cart  used  in  England  is  known  as 
Bayley’s  van  made  of  wrought  iron  measuring  8'  x 4'  8" 
X 2'  0"  deep,  holding  450  gallons  ; this  is  drawn  by  one  horse. 

When  the  draught  used  is  bullocks  or  men,  the  carts  are 
made  much  smaller,  and  the  hydrants  should  therefore  be 
comparatively  closer  together  than  when  carts  of  larger  capa- 
city are  employed. 

In  the  accompanying  plate  are  shown  the  carts  adopted 
by  the  writer  when  Engineer  of  the  City  of  Madras.  They 
consist  of  an  iron  barrel  concentric  with  the  wheels  and 
carried  on  the  axle  which  passes  through  the  barrel. 

The  carts  are  made  of  various  sizes  adapted  to  the  dis- 
tance the  hydrants  are  placed  apart. 


Description  of  cart. 

Barrel. 

Wheels 

dia. 

Weight. 

Con- 

tents. 

Cost. 

Empty 

Full. 

BIAM. 

LGTH. 

CWT. 

CWT. 

C.  FT. 

RS. 

Suitable  for  2 men. 

2'  9" 

2'  4" 

5' 

0" 

65 

14 

14 

125 

Do.  3 men. 

3'  6" 

2'  6" 

5' 

0" 

7-5 

21 

24 

140 

Do.  1 pair 

of  bullocks 

3'10" 

2'  10" 

5' 

0" 

9-0 

27 

32 

175 

1 

To  water  a road  once  sufficient  to  keep  down  the  dust 
requires  15  cubic  feet  of  water  for  each  900  square  yards  or 
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1 cubio  feot  for  each  60  square  yards  or  for  each  9 yards  of 
road  20  feet  wide  ; the  cost  (in  Madras)  is  4j  annas  per 
100  square  foot  per  annum  (watered  twice  daily).  On  wet 
days  no  watering  is  of  course  done. 

The  points  in  designing  a water  cart  which  require  atten- 
tion are  (1)  to  ensure  sufficient  pressure  ; this  may  ho  dono 
by  keeping  the  tank  or  barrel  fairly  high  and  joining  the 
spreading  pipe  by  an  easily  curved  connection ; (2)  the 
spreader  or  distributing  pipe  ought  to  be  placed  as  low  as 
possible,  and  to  ensure  a regular  traj  ectory,  the  holes  in  this 
pipe  should  be  placed  on  a curve  (and  not  drilled  in  a straight 
line)  rising  from  the  point  whore  the  water  enters  from  the 
tank. 

Watering  streets  with  sea  water  should  be  adopted  when 
possible  ; this  gives  freshness  to  the  air,  dispels  iodine  and 
causes  the  surface  of  the  street  to  retain  its  humidity  for  a 
longer  period  than  when  fresh  water  is  used  as  it  impregnates 
the  soil  with  hygrometric  matter.  Common  salt  added  to  fresh 
water  or  chloride  of  calcium  is  also  beneficial  ; an  experiment 
was  made  at  Kouen  in  Trance,  where  for  a mile  of  road  1 6 feet 
wide,  5,630  gallons  were  necessary  daily  and  the  same  result 
was  obtained  with  1,480  gallons  of  chloride  solution  costing 

per  gallon,  the  humentation  remaining  good  for  five  or 
six  days. 

Watering  roads  with  largely  diluted  disinfectants  such 
as  ‘ Sanitas  ’ is  frequently  of  great  benefit  and  should  occa- 
sionally be  done  especially  in  the  narrow  and  more  crowded 
streets  of  a town. 


PAET  IT. 

SANITATION  IN  REGARD  TO  SPECIAL  BUILDINGS , 
LOCALITIES , OCCUPATIONS  AND  TRADES. 

BUILDINGS  GENERALLY. 

The  sanitation  of  buildings  is  a no  less  important  matter 
than  the  cleansing  of  towns  as  a whole,  and  when  sanita- 
tion of  buildings  is  spoken  of,  it  is  implied  that  not  only 
must  certain  sanitary  rules  be  enforced  as  regards  all  build- 
ings, but  that  all  buildings  shall  be  originally  constructed  on 
sanitary  principles. 
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The  consideration  of  the  various  materials  used  in  the 
construction  of  buildings,  their  water-supply  and  drainage 
form  the  subjects  of  other  chapters  in  this  work,  but  when 
discussing  the  sanitary  requirements  of  buildings,  it  is  advis- 
able to  refer  to  certain  characteristics  of  construction,  water- 
supply  and  drainage  which  each  class  of  buildings  should 
possess. 


DWELLING  HOUSES. 

In  a previous  chapter  it  has  been  pointed  out  that  pure 
air  and  pure  water  are  two  indispensables  to  ensure  good 
health ; these  often  are  present  and  still  houses  are  unhealthy ; 
good  drainage  and  an  absence  of  dirt  and  damp  are  also 
important  factors. 

The  word  dirt  or  ‘ matter  in  the  wrong  place  ’ includes 
dust,  refuse,  rags,  &c.,  of  every  kind-  There  may  be  foetid 
odours  in  houses  arising  from  defective  drains  or  latrines 
and  deficient  ventilation ; but  there  is  often  to  be  found  an 
odour  distinct  from  these-  which  is  caused  - by  the  exhalation 
from  animal  bodies,  human,  or  otherwise  dirty  clothes  and 
general  dust.  All  such  odours,  of  course,  point  to  an  increase 
of  carbonic  acid  in  the  air  and  to  what  extent  that  may  be 
increased  without  harm  has  been  laid  down  in  chapter  I. 

There  is  one  item  that  enters  very  largely  into  house 
sanitation  and  that  is  the  construction  and  maintenance  of 
the  roads,  for  badly-constructed  roads  are  sure  to  be  dirty 
roads  and  will  cause  dirty  houses.  This,  however,  is  a matter 
more  for  the  public  in  general  than  for  a householder  in 
particular. 

A sanitary  house  should  have  a sufficient  supply  of 
good  water  ; it  should  have  good  drainage,  and  it  should  he 
constructed  so  that  no  water,  clean  or  otherwise,  should  be 
able  to  permeate  through  the  floors  or  in  its  immediate  vicinity 
unless  sub-soil  drainage  is  provided.  This  in  India  is  seldom 
possible,  and  care  should,  therefore,  be  taken  to  see  that 
all  refuse  waters  are  disposed  of  so  as  to  readily  find  their 
way  to  drains ; latrines  should  be  apart  from  the  house,  but 
not  far  enough  to  meditate  against  their  necessary  use.  Each 
house  ought  to  be  arranged  so  that  each  room  has  some  of 
its  windows  opening  direct  to  the  open  air  and  that  light 
and  ventilation  are  not  borrowed  from  another  room.  Houses 
should  he  raised  at  least  2 feet  above  the  ground  level,  and 
this  is  required  in  the  case  of  all  new  houses  under  the 
provisions  of  the  Municipal  Acts. 
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Classification  of  houses. — Houses  in  India  are  con- 
structed of — 

1 . Leaf  walls  and  roof. 

2.  Bamboo  mat  walls  ami  thatched  roof. 

3.  Mud  walls  and  thatched  or  tiled  roof. 


such  that  col  l and  f.'ver  aro  induced  ; perhaps  much  of  the 
phthisis  in  India  is  due  to  this  class  of  building. 

The  second  class  of  building  is  much  superior  and  may 
be  recommended  for  temporary  buildings  such  as  contagious 
disease  and  other  hospital  sheds,  because  the  matting  is  easily 
cleaned  by  white-washing  or  tarring,  or  it  may  be  taken 
away  and  replaced. 

Mud  wall  huts  aro  extremely  common  in  all  parts  of  the 
country,  and  where  the  walls  arc  properly  protected  by  tho 
roof,  a very  fair  building  may  result.  The  walls,  however, 
are  apt  to  absorb  moisture  and  several  fatal  accidents  have 
occurred  through  water  having  found  its  way  into  the  walls. 

Lxising  again  in  the  scale  are  those  houses  which  have 
their  walls  of  brick,  sun-dried  or  burnt,  laid  in  mud  which 
may  have  thatched  or  tiled  roofs.  The  highest  class  of 
building  is  that  built  of  burnt  brick  or  stone  laid  in  mortar 
or  cement  and  covered  with  a tiled  or  terraced  roof. 

Municipal  powers. — Tho  powers  given  by  the  Muni- 
cipal Acts  to  local  hoards  in  respect  lo  buildings  refer  chiefly 
to  ventilation  and  drainage,  but  bye-laws  can  be  made  and 
these  should  lay  down  stringent  conditions  as  to  the  thick- 
ness of  walls  C having  regard  to  their  height  and  the  area  to 
ho  roofed),  as  to  tho  size  of  floor  and  roof  timbers,  minimum 
slope  of  roof,  I'cc. 

Prevention  of  damp. — All  buildings  should  have 
floors  of  such  construction  as  will  exclude  damp  arising 
from  the  ground;  in  tho  lower  class  of  houses,  puddled  clay 
would  ho  suitable  if  rammed  until  quite  hard  and  dry  ; an 
improvement  over  this  is  a thin  layer  of  cement  concrete  ; 
better  class  houses  are  floored  with  a thick  layer  of  concrete 
or  with  concrete  and  a layer  of  bricks  or  tiles  superimposed.* 


* See  Chapter  on  Buddings. 


At 
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The  walls  of  houses  should  he,  as  far  as  possible,  damp 
proof ; the  damp  may  enter  in  two  ways,  up  the  wall  from 
the  ground  or  through  the  wall  from  the  outer  air  : the 
former  is  prevented  by  what  is  called  a damp-proof  course.* 
Plastering  the  walls  inside  and  out  with  mud,  chunam  or 
cement  tends  in  increasing  degrees  to  keep  out  damp  from 
the  outer  air. 

In  all  cases  walls  ought  to  be  perfectly  smooth  and  made 
with  the  least  absorbent  materials  it  is  possible  to  procure. 

Plastering  walls  or  floors  with  cow-dung  is  to  be  con- 
demned, because  it  renders  them  damp  and  affords  material 
for  the  propagation  of  micro-organisms  and  pollutes  the  air. 
White-washing  walls  periodically  with  fresh  burnt  lime  is  an 
excellent  measure. 


SLAUGHTERHOUSES. 

These  buildings,  however  well  conducted,  are  generally 
a nuisance  to  a greater  or  lesser  extent.  They  should  he 
placed,  therefore,  at  some  distance  from  the  inhabited  portion 
of  the  town  area  and  on  that  side  of  the  town  opposite  to 
that  from  which  the  prevailing  winds  How.  They  ought 
not  to  be  near  any  stream,  and  they  ought  to  have  large 
open  spaces  within  easy  distance  of  them,  where  offal  can 
he  burnt  or  buried  without  nuisance,  or  otherwise  disposed 
of  at  some  distance  from  the  slaughter-house  itself. 

Requisites.— The  fiist  requisite  as  regards  the  conser- 
vancy arrangements  in  a slaughter-house  is  a good  water- 
supply,  the  second  good  drainage.  Thorough  cleansing  is 
necessary  both  after  the  morning  and  evening  killing  is  over. 
The  floors  ought  to  be  thoroughly  sluiced  with  water  and 
effectually  cleaned  by  the  use  of  squeegees  such  as  are 
used  for  paved  railway  platforms,  &c.  All  slaughter-houses 
ought  to  be  lime-washed  at  least  once  in  every  three  months. 

Disposal  of  blood.— Putrefied  blood  gives  forth  a most 
offensive  smell,  and  it  is,  therefore,  necessary  to  dispose  of 
this  immediately  after  collection ; it  should  not  be  allowed 
to  flow  into  any  of  the  town  drains,  but  into  cesspools  or 
drains  in  connection  with  the  slaughter-house  alone.  Tho 
blood  should  he  buried  or  converted  into  manure  by  a process 
of  evaporation,  when  it  becomes  very  valuable  manure. 

Supervision.—' There  is  great  advantage  in  slaughter- 
houses being  the  property  of,  and  under  the  control  of.  the 
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sanitary  authority,  as  that  authority  can  then  by  its  superin- 
tendent keep  a proper  watch  over  the  food-supply  of  the 
town.  The  sale  of  the  right  of  collection  of  fees  is  some- 
times advisable ; it  allows  the  superintendent  and  other 
officials  of  a slaughter-house  to  attend  to  their  legitimate 
duties,  viz.,  the  regulations  and  control  of  the  house  and 
the  proper  examination  of  all  animals  brought  to  be  slaugh- 
tered. A careful  account  of  the  number  of  animals  slaugh- 
tered should  be  kept  with  their  weight  if  possible.  Such  an 
account"  affords  a basis  for  the  determination  of  prosperity  or 
otherwise  of  a town  as  evidenced  by  the  rate  of  the  demand 
for  meat.  A small  supply  may,  however,  be  due  to  other 
causes  than  a small  demand,  and  a reference  to  market  prices 
will  show  whether  this  be  the  case  or  not. 

The  mode  of  slaughtering  in  India  is  open  to 
many  objections,  but  it  is,  to  a great  extent,  mixed  up  with 
the  religious  prejudices  and  scruples  of  the  Mahomedan 
butchers  and  therefore  somewhat  difficult  to  deal  with.  Un- 
necessary cruelty  in  any  form  should  be  most  summarily 
dealt  with. 

MARKETS. 

Good  drainage  and  an  ample  water-supply  are  as  requisite 
in  a market  as  in  a slaughter-house.  7 he  floors  should  be 
regularly  sw'ept  and  cleansed,  the  stalls  where  meat,  vege- 
tables, &c.,  are  sold  should  be  washed  and  scrubbed  daily. 
The  walls  of  the  market  should  be  lime-washed  frequently, 
not  less  than  once  in  three  months.  Latrines  and  washing 
places  should  be  provided  in  sufficient  numbers  and  properly 
cleansed. 

Advantages  of  a market. — By  concentration  at  one 
place  under  one  roof,  the  cost  of  transport  and  distribution 
are  made  easier  to  the  trader,  and  the  purchaser  is  able  to 
make  a better  and  cheaper  selection  of  the  commodities.  To 
municipal  authorities,  a market  offerd  facilities  for  sanitary 
examination  of  food,  inspection  of  weights  and  measures, 
&c.  Market-tolls  usually  form  an  important  source  of 
municipal  revenues,  if  the  markets  are,  what  may  be  called 
‘ public  markets,’ viz.,  those  built  and  maintained  at  public 
expense. 

All  markets  ought  to  be  public  markets.— In 

India  it  is  well  for  tho  markets  as  far  as  possible  to  be  public 
ones ; it  is  otherwise  a matter  of  much  difficulty  (such  at  any 
rate  is  the  writer’s  experience)  to  enforce  necessary  sanitary 
regulations. 
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Restrictions  on  sale  offish  and  meat  outside  mar- 
kets.— ri  lie  sale  of  fish  and  meat  should,  as  far  as  possible, 
be  restricted  to  markets;  in  Madras  no  butcher’s  shop  is 
licensed  within  a mile  of  any  market. 

Opposition  to  new  markets  to  he  expected. — Oppo- 
sition to  any  new  market,  unless  it  is  a market  to  bo  opened 
in  place  of  an  existing  public  one  is  generally  manifested, 
but  opposition  of  this  kind  may  generally  be  conciliated  by 
the  first  offer  of  the  stalls  in  the  markets  about  to  be  con- 
structed. 

Market  sites. — A site  for  a market  should  befroeand 
open  and  as  near  as  possible  to  a place  where  the  main  streets 
of  the  town  converge;  it  should  be  capable  of  easy  drainage. 
Contiguity  to  railway  stations,  important  bridges,  S: c.,  are 
also  points  to  bo  considered  in  fixing  a site. 

Principles  by  which  the  working  of  a public  mar- 
ket ought  to  be  regulated.-— The  principle  of  a public 
market  demands  free  trade  and  competition,  and  care  must 
be  taken  that  the  normal  tendency  of  traders  to  combine 
against  tire  interest  of  the  public  is  not  assisted  nor  in  any 
way  encouraged  by  the  market  regulations.  It  is  generally 
disadvantageous  to  farm  out  the  tolls  to  one  lessee,  to  allow 
the  stalls  to  be  occupied  by  cliques  or  trades  unions  to  the 
exclusion  of  the  independent  trader,  or  to  make  conditions 
too  onerous  for  traders  of  small  capital.  So  long  as  tho 
tolls  demanded,  consider. ug  the  conveniences  afforded,  do  not 
exceed  what  a free  competition  outside  the  market  would 
produce,  the  revenue  may  he  considered  a fair  rent : if  too 
stringent  regulations  are  imposed  on  traders  outside  the 
market  or  anything  in  the  form  of  a monopoly  granted  to 
those  inside,  then  tho  higher  revenue  which  would  be  so 
obtained  becomes  a taxon  tho  commodities  and  in  fact  a 
sort  of  octroi  duty. 

Where  private  slaughter-house 3 exist,  additional 
food  inspection  necessary  in  markets.— Where  the 
slaughter-houses  in  a town  are  not  all  public  slaughter-houses 
under  municipal  supervision,  it  is  doubly  tho  duty  of  the 
market  officials  in  the  public  markets  to  be  constantly  on  the 
watch  to  prevent  the  sale  of  diseased  meat,  putrid  fish  and 
other  unwholesome  food,  and  where  there  are  public  as  well 
as  private  markets,  much  supervision  by  the  sanitary  officials 
is  desirable  ; inspection  of  such  markets  should  never  be  made 
twice  at  the  same  hour  of  the  day  ; inspection  made  con- 
stantly, say,  before  9 a m.,  may  as- well  never  be  made  at  all 
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LATRINES. 

Latrines  are  arranged  on  so  many  different  plans  that  a 
conservancy  system  applicable  to  one  class  does  not  admit 
or  its  application  to  another.  Certain  general  rules  may 
however,  bo  laid  down  for  guidance. 

Cleansing'. — Where  latrines  are  practically  water  clcscts 
. e attendant  should,  if  tho  latrine  is  on  the  trough  system, 
discharge  the  contents  frequently  and  change  tho  water! 
W hen  latrines  are  on  the  pail  system,  the  contents  of  tho 
pails  after  each  occasion  of  uso  should  be  filled  in  with  an 
inch  or  two  of  ashes,  charcoal  or  earth  and  the  pails  removed 
when  moderately  full.  When  on  the  open  floor  system, 
removal  of  the  excreta  should  be  effected  at  once  after 
vacation  of  each  seat.  In  such  latrines  the  doors  ought 
to  be  sluiced  once  or  twice  daily  with  some-  disinfecting 
fluid  such  as  mixture  of  phony  le  and  water  (1  to  100). 

I he  urine  tubs  before  use  should  also  be  partly  filled  with 
a similar  fluid. 

Where  the  walls  or  screens  of  latrines  are  of  masonry, 
they  should  be  tarred  once  a month  to  at  least  half  the 
ho’glit  of  tho  walls,  say,  4 feet,  and  all  -walls  of  latrines 
whether  of  stone,  brick,  iron  or  wood  ought  to  be  frequently 
washed  with  a strong  disinfectant. 

The  removal  of  all  excrement  and  urine  should  be. in  air- 
tight vessels,  and  the  place  for  the  temporary  deposit  of  such 
vessels  should  bo  screened  from  view. 

Public  latrines  are  all  more  or  less  a nuisance  and 
their  use  by  the  public  will,  to  a great  extent,  depend  on 
their  cleanliness  or  otherwise.  There  is  little  doubt,  but 
that  at  present  many  persons  arc  driven  away  to  open  spaces 
because  of  the  state  of  the  public  latrines,  and  one  can 
hardly  bl.ime  them  if  latrines  are  not  properly  and  promptlv 
cleansed  as  occasion  requires. 

Temporary  Latrines. — With  reference  to  latrines  of 
a temporary  nature  such  as  those  at  fairs  and  festival*,  their 
site  should  be  selected  with  duo  regard  to  the  directions  of 
the  sub-soil  flow,  the  situation  of  wells,  water-courses,  &e. 
Pits  with  foot-hoards  over  them  make  excellent  latrines  and 
deposits  should  ho  promptly  covered  by  the  earth  excavated 
from  the  pit.  When  the  top  of  this  earth  in  anv  pit  reaches 
to  within  2 feet  of  the  ground,  that  pit  ought  to  ho  closed 
and  filled  in  level  with  the  ground  and  a fresh  pit  brought 
into  use  and  used  in  a similar  manner ; screens  of  bamboos 
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can  he  used  to  secure  privacy  and  Horhury’s  latrines  can  also 
he  adapted  to  the  purpose. 

DAIRIES, 

This  word  is  comprehensive  enough  to  include  all  places 
where  milch  cattle  are  kept,  though  perhaps  few  of  such 
places  in  this  country  deserve  the  name.  Under  the  heading 
of  food  in  the  chapter  on  Hygiene,  the  necessities  for  a pure 
milk-supply  have  been  pointed  out,  and  it  has  also  been 
shown  how  the  condition  of  places,  where  milch  cattle  in 
India  arc  housed,  almost  prevents  a pure  milk-supply  being 
obtained. 

Existing  conditions. — Places  for  the  keeping  of  milch 
cattle  are  required  to  be  licensed  by  the  Municipal  Acts,  but 
few  of  such  places  even  after  years  of  Municipal  control  are 
fit  to  be  licensed.  They  are  usually  ill-paved,  ill- ventilated 
and  badly  drained,  and  therefore  a nuisance  to  the  surround- 
ing neighbourhood.  The  sheds  are  as  often  thatched  and 
tiled  and  the  floors  are  of  an  absorbent  nature. 

Requirements. — All  such  places  should  have  imper- 
vious floors  of  brick  or  stone  laid  on  concrete,  the  joints 
well  filled  with  Portland  cement,  of  good  cement  concrete 
or  of  brick  on  edge  covered  with  asphalte.  Of  whatever  the 
floor  is  made  there  should  be  no  soakage  through  it.  The 
drains  ought  to  be  open,  looking  to  the  nature  of  the  material 
which  will  pass  into  them,  and  they  should  have  stone  edges 
which  are  not  easily  broken  by  the  passage  of  cattle  over 
them.  The  dung  from  such  places  ought  to  lie  removed 
daily.  It  is  usually  made  into  bratties,  so  perhaps  this  is  a 
condition  difficult  to  insist  upon.  Where  the  roofs  are  perma- 
nent and  tiled,  there  ought  to  be  ridge  as  well  as  cave  venti- 
lation. The  insides  of  the  walls  ought  to  lie  lime-washed 
once  a month  and  the  floors  occasionally  sluiced  with  some 
disinfecting  fluid.  A common  result  arising  from  penning 
up  cattle  in  ill- ventilated  and  filthy  pens  is  the  propagation 
of  foot-and-mouth  disease,  rinderpest,  anthrax,  &c.,  diseases 
highly  infectious  and  contagious.  When  such  diseases  occur, 
the  whole  of  the  upper  surface  of  the  floors  of  the  sheds  and 
the  material  of  which  the  open  yards  are  formed  ought  to 
be  dug  up  and  removed.  All  matting  and  thatching  ought 
to  be  burnt  and  the  sheds  ought  to  be  thoroughly  washed 
with  strong  disinfectant  and  then  lime-washed  throughout 
before  use. 

English  regulations. — The  cleanliness  of  such  places 
is  a matter  of  the  utmost  importance  to  the  public  and  tie 
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danger  of  the  present  state  of  matters  is  very  seldom  realized. 
In  E ngland  and  other  European,  countries  very  strict  regu- 
lations prevail  in  regard  to  such  places.  At  present  the 
powers  of  regulation  available  in  India  are  insufficient  to 
enforce  such  regulations,  which  are  as  follows ; the  first 
set  of  regulations  has  reference  to  the  dairies  themselves  and 
to  places  where  milk  is  sold,  tho  second  to  the  action  required 
in  ease  of  anthrax  (a  common  disease  in  India)  breaking 
out : — 

Da  IKIES. 

I.  Persons  following  the  trade  of  cowkeepers  or  dairymen 
shall  provide  to  t;  e satisfaction  ot  the  local  authority,  for  a 
sufficient  supply  of  pure,  wholesome  water  as  well  as  effectual 
lighting,  ventilation,  cleansing  and  drainage  of  all  dairies  and 
cow  sheds  in  their  occupation,  and  s'  all  cleanse  and  make  clean 
every  cow  shed  in  ihe  following  manner : — 

(1)  By  removing,  at  least  twice  in  each  day,  all  the  dung, 
droppings,  or  other  matter,  and  thereafter  by  die  thorough 
scraping  and  sweeping  of  all  parts  of  the  cow  shed  with  which 
the  animals  or  their  droppings  have  come  in  contact. 

(21  By  the  application  to  the  inside  walls  and  roof  of  a coat- 
ing of  lime-wash  containing  in  each  gallon  of  lime-wash  4 
ounces  of  chloride  of  lime,  at  least  twice  in  the  year,  in  April  or 
May,  and  in  October  or  November,  and  by  thoroughly  scraping, 
washing  and  scrubbing  with  clean  hot  water  and  carbolic  soft 
soup  all  the  stalls  and  exposed  woodwork. 

H.  Persons  following  the  trade  of  cowkeepers,  dairymen  or 
purveyors  of  milk  shall  cleanse  and  make  clean  every  dairy, 
milk  store,  or  milk  shop  in  their  occupation  in  the  following 
manner : — 

(1)  By  thoroughly  washing  and  scrubbing  daily,  with  clean 
hot  water  and  soap,  all  counters,  shelving,  flooring,  and  exposed 
woodwork. 

(2)  By  the  application,  at  least  twice  in  the  year,  in  the 
months  of  may  and  November,  to  all  parts  of  the  inside  walls 
and  ceiling  of  a coating  of  lime- wash,  containing  in  each  gallon 
of  lime-wash  4 ounces  of  chloride  of  lime  ; and 

(a)  sha'l  scald  with  boiling  water  or  steam  under  pressure 
immediately  after  use,  all  barrels,  butts,  cans,  and 
other  vessels  of  whatever  kind  used  to  convey, 
store.,  or  distribute  milk  for  sale,  including  bungs, 
bung  cloths,  lids,  &c.,  and  thereafter  drip  them  so 
as  no  water  can  bo  left  therein  ; hut 
(&)  no  boiler,  tank,  steam  chest,  or  other  receptacle  used 
for  scalding  or  w ashing*  the  milk  vessels  shall  be  em- 
ployed for  washing  or  boiling  bed  or  body  clothes, 
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or  for  any  other  purpose  likely  to  cause  contamina- 
tion of  the  milk,  or 

(c)  milk  vessels  or  utensils,  washed,  scalded,  or  kept  in 

any  apartment  used  for  washing  or  boiling  bed  or 
body  clothing,  or 

(d)  foul  matter  of  any  description,  or  solid  bed  or  body 

clothing  conveyed  into  or  through  any  apartment 
in  which  milk  is  kept  or  stored  for  sale  : and 
(<;)  no  cart  or  other  vehicle  used  in  the  distribution 
of  milk  shall  be  permitted  to  carry  any  article  or 
thing  which  is  of  such  a nature  as  to  be  likely  to 
* contaminate  the  milk. 

ILL  Should  cholera,  sinall-pox,  fever,  measles,  hooping 
cough,  or  any  other  infectious  or  contagious  disease  exist  on  the 
premises  of  any  cowkeeper,  dairyman  or  purveyor  of  milk,. such 
cowkeeper,  dairyman,  or  purveyor  of  milk  shall  forthwith  report 
to  the  Sanitary  Inspector  the  name  or  nature  of  the  disease,  so 
that  the  local  authority  may  bo  enabled  to  see  that  the  necessary 
precautions  are  being  taken  to  prevent  the  spread  of  the  disease. 

IV.  Every  person  following  the  trade  of  cowkeeper,  dairy- 
man or  purveyor  of  milk,  or  being  tire  occupier  of  a milk  store 
or  milk  shop,  shall,  when  required  by  the  Sanitary  Inspector 
or  any  member  of  the  local  authority  or  any  person  duly  autho- 
rised by  them,  cleanse  his  or  her  cow  shed,  dairy,  milk  store, 
milk  shop,  or  milk  vessels  in  the  manner  hereby  described. 

V.  Every  cowkeeper,  dairyman,  or  purveyor  of  milk  failing 
to  comply  with  the  foregoing  rogu'ations,  or  any  of  them,  shall 
be  deemed  guilty  of  an  offence  against £ The  Contagious  Diseases 
(Animals)  Act,  1886,’  and  liable  to  a p>enalty  not  exceeding  5 
pounds. 

Note. — By  the  dairies,  cow  sheds,  and  milk  shops,  order 
of  1885:  — 

I.  It  shall  not  bo  lawful  for  any  person  following  the  trade 
of  cowkeeper,  dairyman  or  any  purveyor  of  milk,  or  being  the 
occupier  of  a milk  store  or  milk  shop, 

(.1)  to  carry  on  in  the  district  of  any  local  authority  the 
trade  of  cowkeeper,  dairyman,  or  purveyor  of  milk, 
unless  he  is  registered  as  such  ; 

(2)  to  begin  to  occupy  any  building  as  a dairy  or  cow  shed 

without  giving  one  month’s  notice  in  writing  to  tiro 
local  authority  of  his  intention  to  do  so ; 

(3)  to  occupy,  as  a dairy  or  cow  shed,  any  building  so 

long  as  the  lighting,  ventilation,  air-space,  cleansing, 
drainage,  and  water-supply  thereof  are  not  such  as 
are  necessary  or  proper  for  the  health  and  good 
condition  of  the  cattle  therein,  for  the  cleanliness  of 
milk  vessels  used  therein  for  containing  milk  for 
sale,  and  for  the  protection  of  the  milk  therein 
against  infection  or  contamination ; 
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(4)  to  allow  a person  suffering  from  an  infectious  disease, 

or  being  in  contact  with  a person  so  suffering  to 
milk  cows  or  handle  vessels  for  containing  milk  for 
sale ; or 

(5)  if  himself  so  suffering,  or  having  been  in  contact  as 

aforesaid,  to  take  any  part  in  the  conduct  of  said 
trade ; or 

1 6)  to  permit  any  water  closet,  earth  closet,,  privy,  cess- 
pool or  urinal  to  be  within  or  communicate  with  a 
dairy,  milk  store,  or  milk  shop ; or 
( ' ) to  oso  or  permit  a dairy,  milk  store,  or  milk  shop  to 
be  used  as  a sleeping  apartment ; or 
(8)  to  keep  swine  in  any  cow  shed  or  other  building  used 
for  keeping  cows,  or  in  any  milk  store,  or  place  used 
for  keeping  milk  for  sale. 

II.  If,  at  any  time,  the  disease  exists  among  the  cattle  in  a 
dairy  or  cow  shed,  the  milk  of  the  diseased  cow — 

( 1 ) shall  not  be  mixed  with  other  milk  ; 

(2)  shall  not  be  used  or  sold  for  human  food  ; and 

(3)  shall  not  be  used  or  sold  for  food  for  swine  or  other 

animals  unless  and  until  it  has  been  boiled. 


Anthrax. 

The  Local  Authority  under  * The  Contagious  Diseases 
Animals)  Acts,  1878  to  1886,’  in  virtue  of  the  powers  conferred 
upon  them  by  said  Acts  and  the  order  of  Her  Majesty’s  Most 
Honourable  Privy  Council  entitled  ‘ The  Anthrax  Order  of  1886  ’ 
and  of  every  other  power  enabling  them  in  this  behalf,  do  hereby 
make  the  following  regulations,  viz. : — 

I.  In  these  Regulations  the  words  ‘ Animals,’  ‘ Carcass,’ 
‘Fodder,’  and  ‘Litter,’  shall  respectively  have  the  same  mean- 
ings as  in  the  said  Anthrax  Order  of  1886,  and  the  word 
‘ Inspector  ’ shall  mean  the  Veterinary  Inspector  of  the  Local 
Authority. 

II.  An  animal  affected  with  or  suspected  of  anthrax  shall  not 
be  moved  out  of  any  building,  field,  or  other  place,  except  to  an 
adjoining  building,  field  or  other  place  for  the  purpose  of  isola- 
tion, and  that  only  on  the  written  authority  of  the  Inspector,  or, 
in  his  absence,  on  the  written  authority  of  the  Officer  of  Police 
in  charge  of  the  Division  in  which  such  building,  field,  or  other 
place  is  situated,  which  written  authority  shall  not  be  granted  if 
the  animal,  in  its  movement,  is  to  pass  along  or  across  a public 
highway,  or  near  any  other  animal  or  animals  not  affected  with 
anthrax,  and  an  animal  moved  for  the  purpose  of  isolation  as 
aforesaid  shall  not  be  again  moved  for  a period  of  fourteen  days, 
nor  until  it  has  thereafter  been  declared  free  of  anthrax  by  the 
Inspector ; and  if  the  animal  should  die  or  be  slaughtered,  the 
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carcass  shall  remain  untouched  until  buried  or  removed  under 
the  direction  of  the  Inspector. 

III.  An  animal  that  has  been  in  contact  with  or  in  the  same 
building,  field  or  other  place  with  an  animal  affected  with  or 
suspected  of  anthrax,  shall  not  be  moved  out  of  any  building, 
field  or  other  place  in  which  anthrax  exists,  except  to  an  adjoin- 
ing building,  field  or  other  place,  and  that  only  on  the  written 
authority  of  the  Inspector,  or,  in  his  absence,  on  the  written 
authority  of  the  officer  of  Police  in  charge  of  the  Division  in 
which  such  building,  field  or  other  place  is  situated,  which  writ- 
ten authority  shrill  not  be  granted  it  the  animal  iu  its  movement 
is  to  pass  along  or  across  a public  high-way  or  near  any  other 
animal  or  animals  not  affected  with  anthrax,  and  an  animal  moved 
as  aforesaid  shall  not  be  again  moved  for  the  period  of  fourteen 
days,  nor  until  it  hn8  thereafter  been  declared  free  of  anthrax 
by  the  Inspector. 

IV.  Any  fodder,  litter,  or  other  thing  that  has  been  in  con- 
tact with  or  used  for  or  about  an  animal  affected  with  or  sus- 
pected of  anthrax  shall  not  be  taken  out  of  any  building,  field,  or 
other  place  except  to  an  adjoining  field  or  other  place  approved 
of  by  the  Inspector,  there  to  be  forthwith  disinfected,  burnt,  or 
destroyed  in  terms  of  said  Anthrax  Order  of  1886. 

V.  The  occupier  of  every  cow  shed  or  other  place  in  which  an 
animal  affected  with  anthrax  has  been  kept  while  so  affected,  or 
has  died  or  been  slaughtered  shall,  at  his  own  expense,  cleanse 
and  disinfect  such  cow  shed  or  other  place  in  the  manner  pre- 
scribed by  the  said  Anthrax  Order  of  1886. 

VI.  The  occupier  of  every  cow  shed  or  other  place  in  which 
an  animal  suspected  of  anthrax  has  been  kept  while  so  suspected, 
or  has  died  or  been  slaughtered  shall,  if  so  required  by  the 
Inspector,  cleanse  and  disinfect  the  same  at  his  own  expense, 
either  in  the  manner  prescribed  by  the  said  Anthrax  Order  of 
1886  for  cleansing  and  disinfecting  a cow  shed  or  other  place  in 
which  an  animal  affected  with  anthrax  has  been  kept  while  so 
affected  or  in  such  other  manner  as  the  Inspector  shall  direct. 

VII.  All  utensils,  pens,  hurdles,  or  other  things  used  for  or 
about  animals  affected  with,  or  suspected  of  anthrax,  shall  be 
cleansed  and  disinfected  by  the  owner  thereof  at  his  own 
expense  by  being,  as  far  as  practicable,  thoroughly  washed  or 
scrubbed  or  scoured  with  water,  and  thereafter  washed  over  with 
lime  wash  to  the  satisfaction  of  the  Inspector. 

Great  importance  of  pure  and  sufficient  water- 
supply  near  milch-cattle  sheds.— The  importance  of 
a pure  water-supply  near  all  milch-cattle  stalls  is  a matter 
of  the  first  importance;  though  it  is  desirable  that  adulter- 
ation, even  in  its  least  deleterious  form,  be  checked,  yet 
it  is  still  more  desirable  that  such  adulteration  should  be 
one  not  likely  to  carry  disease  into  our  houses.  All  pol- 
luted tanks  and  wells  near  cattle  stalls  ought  therefore  to  be 
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closed  and  a proper  water-supply  provided.  A native 
milkman  will  not  go  far  for  his  water-supply,  and  though 
he  may  say  that  he  derives  the  water  in  general  use  in  his 
house  from  a stand-pipe  or  pure  water  well,  such  a statement 
must  be  accepted  with  caution  ; the  water  from  the  nearest 
well,  impure  and  foul  though  it  be,  will  oertainly  find  its 
way  into  the  milk,  the  tank  into  which  his  cow  shed 
drain  discharges,  or  into  which  the  effluent  from  his  neigh- 
bours’ latrines  flows,  the  bathing  tank  of  the  surrounding 
population,  the  tank  which  has  served  the  wants  of  his 
father  and  his  grandfather,  that  is  the  place  whence  water 
for  milk  adulteration  will  probably  be  drawn.  There  is, 
however,  a practice  in  Southern  India,  which  goes  far  to 
check  the  practice  of  adulteration  and  that  is  the  practice 
of  driving  round  the  cow  ; how  far  that  is  good  for  the 
cow'  and  the  milk  is  another  matter,  but  it  is  certainly 
an  economic  mode  of  carriage  and  there  is  greater  certainty 
of  purer  milk  ; if  the  milkman  however  is  not  looked  after, 
he  will  probably  partly  fill  his  measure  from  a well  in  the 
purchasers'  compound. 

Construction  of  public  cow  sheds  advisable. — 

Where  such  a plan  is  possible,  it  is  a most  advisable  one 
for  the  municipality  to  build  one  or  more  sets  of  cow  sheds 
where  all  the  milch  cattle  may  be  stabled.  These  places 
should  be  models  of  their  kind  and  the  stalls  should  be 
let  out  at  as  low  a remunerative  rate  as  possible. 

HACKNEY  STABLES,  &c. 

Very  similar  requirements  should  be  enforced  in  regard 
to  Hackney  stables,  sheep  pens,  &c. 

PARCHERRIES. 

To  any  one  engaged  in  sanitary  work  in  India  tho  par- 
cherries  or  hustees  are  a prominent  feature  of  all  towns. 
The  name  is  usually  associated  with  a collection  of  huts,  cow- 
sheds, pig  styes,  filthy  lanes,  gutters  of  filth  and  corruption, 
offensive  to  sight  and  to  smell.  Such  places  are  not  only  the 
resting  place,  but  the  breeding  ground  of  many  of  the  epide- 
mics which  devastate  our  towns ; it  is  therefore  almost  useless 
to  say  that  to  such  places  first  efforts  in  sanitation  ought  to  be 
directed.  Such  places  cannot  unfortunately  be  got  rid  of 
altogether.  They  are  the  abode,  not  only  of  the  lower, 
perhaps  lowest,  class  of  the  population,  but  in  these  places 
many  of  tho  domestic  servants  of  Europeans  and  natives  also 
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dwell.  Their  state,  therefore,  is  one  not  limited  in  its  effects 
to  their  own  residents,  but  to  a large  surrounding  population. 

Improvements  necessary. — The  necessity  for  im- 
provement should  therefore  be  looked  upon  as  one  of  the 
very  first  importance.  No  one  who  reads  these  pages  can 
doubt  for  one  moment  as  to  what  form  the  improvements 
ought  to  take,  viz.,  proper  drainage,  good  water-supply,  and 
sufficient  latrine  accommodation;  the  widening  and  straight- 
ening of  the  streets  and  lanes  are  no  less  necessary  sanitary 
requirements. 

Procedure  for  improvement. —Usually  it  will  be 
found  that  the  ground  on  which  a parcherry  stands  is  the  pro- 
perty of  one,  or  perhaps  at  most,  two  or  three  owners.  In 
such  cases  they  can  be  called  upon  to  aid  in  the  improvement 
under  the  various  provisions  in  the  Municipal  Acts.  A pro- 
per plan  of  procedure  is  first  to  have  a survey  of  the  par- 
cherry  made  and  a plan  prepared  on  a fairly  large  scale,  one 
which  will  allow  of  ail  the  buildings  being  distinctly  shown. 
The  lines  of  proposed  new  streets  should  then  be  laid  down 
and  places  selected  for  the  necessary  latrines.  Compen- 
sation must  be  paid  by  the  municipality  to  the  owners  or 
occupiers  of  the  houses  requiring  removal  to  admit  of  these 
improvements  being  carried  out ; but  the  owners  can  be  called 
upon  to  construct  drains  and  pave  the  streets ; if  they  fail  to 
do  so,  the  works  can  be  carried  out  at  their  expense.  In 
many  cases  it  will  be  found  to  be  the  better  plan  to  pull  down 
and  re-erect  a whole  parcherry.  Under  these  circumstances 
compensation  will  be  required  by  all  the  occupants,  and 
they  should  be  induced  to  go  to  some  other  selected  site  where 
the  lines  of  the  streets,  sites  for  latrines,  &c.,  have  already 
been  marked  out.  The  former  site  should  then  be  thoroughly 
dug  up,  and,  if  possible,  a crop  of  grass  or  eholuin  raised 
upon  it ; to  allow  weeds  to  grow  over  it,  if  nothing  better 
can  be  done,  will  also  improve  the  sub-soil  of  the  site. 

Advantage  to  be  taken  of  a fire. — Pareherries  from 
their  construction  and  arrangement  are  often  the  scene  of 
fires,  and  hero  is  a chance  for  municipal  officers  to  interfere 
as  huts  ought  not  to  be  allowed  to  be  rebuilt  except  under- 
proper  regulations. 

Regulations  under  which  new  pareherries  ought 
to  be  laid  out. — In  laying  out  new  parcherry  the  following 
rules  or  similar  provisions  ought  to  be  insisted  upon  : 

The  streets,  should  be  laid  out  in  straight  parallel  lines,  at 
least  15  feet  wide. 
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A sufficient  number  of  cross  streets  ought  to  be  provided, 
at  least  9 feet  wido,  to  allow  of  easy  access  to  all  the  huts. 

If  the  huts  are  placed  back  to  back  or  ond  to  end,  there 
should  be  no  space  between  them  ; such  places  become  simply 
places  d'aisance.  It  is,  however,  better  for  each  hut  to  have 
an  enclosed  open  yard  right  round  it. 

The  floors  of  the  huts  should  be  well  raised  from  the 
ground  not  less  than  1 8 inches  or  2 feet.  The  walls  should 
be  of  brick  or  mud,  well  whitewashed ; grass  roofs  ought  to 
bo  discouraged  as  far  as  possible. 

Large  spaces  ought  to  be  left  round  the  latrines  and 
planted  with  quick-growing  trees,  shrubs,  &c. 

The  wells  * should  be  far  from  latrines  and  also  in  open 
spaces  surrounded  by  grass  plots  if  possible  ; whero  a pipe 
water  supply  is  available,  it  should  be  laid  down  to  as  many 
places  in  the  parcherry  as  possible,  but  always  where  the 
wastewater  can  have  free  exit  by  drains  which  should  be 
laid  down  on  principles  hereinafter  described ; but  it  may 
be  stated  that,  with  a poor  class  of  house,  open  drains  are 
the  only  applicable  description  of  drainage.  These  can  be 
directed  towards  the  main  drainage  system  of  the  town,  and 
arrangements  should  be  made  for  flushing  them  from  the 
wells  or  taps  in  the  parcherry. 

Any  tanks  in  a parcherry  should  be  cleaned  out,  the 
banks  sloped,  &c.,  and  arrangements  mado  for  preventing 
pollution.  Such  tanks  it  is  well  to  set  apart  for  washing 
and  bathing  only  and  not  for  providing  potable  water. 

Suitable  sites  for  parcherries. — The  sito  solocted 
for  parcherries  ought  to  be  on  slightly  sloping  ground  and 
adjacent  to  one  or  two  main  roads,  if  possible.  The  soil 
should  be  of  a description  which  will  soon  dry  after  rain, 
i.e.,  of  a porous  character. 

BURIAL-GROUNDS  AND  CREMATION. 

If  the  provisions  of  the  Municipal  Acts  are  strictly 
observed,  little  nuisance  will  result  from  such  places.  In 
fixing  a site  for  a burial  and  burning  ground,  there  are 
certain  points  which  should  be  kept  in  view ; these  may  be 
summed  up  as  follows  : — 

1.  A burial  and  burning  ground  should  be  far, 
though  not  inconveniently  so,  from  inhabited  houses;  due 


* See  Constructious  of  Wells,  &o. 
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allowance  should  be  made  for  the  growth  of  the  town,  and 
burial-gro unds  should  he  considerably  beyond  any  limits  the 
town  may  touch  even  after  a quarter  of  a century. 

2.  It  should  be  on  that  side  of  the  town  opposite  to 
that  from  which  prevailing  winds  blow. 

3.  It  should  not  be  near  any  source  of  water-supply. 

4.  The  site  should  be  high  above  flood-level. 

5.  The  soil  ought  to  be  of  a somewhat  stiff,  though  not 
too  hard,  character,  free  from  boulders,  rocks,  &c. 

6.  The  level  of  the  sub-soil  water  should  be  more  than 
8 feet  below  ground  surface. 

Result  of  non-observance  of  above  conditions. — 

From  grave-yards,  where  the  provisions  laid  down  for  their 
regulation  are  not  observed  or  where  the  above  conditions 
or  a majority  of  them  do  not  obtain,  vapours  tending  to  pro- 
duce disease  will  constantly  be  evolved  and  even  the  best 
regulated  grounds  when  thickly  crowded  are  fruitful  sources 
of  noxious  gases. 

Digging  shallow  graves,  a practice  to  be 
prevented. — The  greatest  fault  observed  in  Indian  grave- 
yards is  the  constant  effort  to  evade  digging  the  graves 
to  the  proper  depth,  say,  7 to  74  feet,  and  to  this  fault  is 
due  the  smells  wliioh  abound  in  burial-grounds  ; it  is  need- 
less to  say  that  the  result  to  the  surrounding  populace  is  an 
increase  in  disease,  and  a death-rate  above  the  normal,  the 
reason  often  not  suspected  until  the  closing  of  the  neighbour- 
ing burial-ground  and  then  discovered  by  the  decrease  in  the 
mortality  in  the  surrounding  district. 

Reasons  for  smells  near  burial-grounds. — These 
smells  are  due  to  the  putrefaction  of  the  bodies,  which  has 
been  defined  as  a spontaneous  change,  common  to  all  nitro- 
genised  organic  bodies  when  exposed  to  the  air,  whereby  they 
are  resolved  into  new  and  simpler  products.  The  action  is 
accompanied  by  the  evolution  of  unpleasant  gases. 

Conditions  of  putrefaction. — As  the  conditions  neces- 
sary to  putrefaction,  viz.,  air,  moisture  and  warmth,  are  all 
present  in  the  burial-grounds  of  this  country,  rapid  decom- 
position and  rapid  air  evolution  of  death  dealing  gases  are 
the  results. 

Exposure  of  corpses  a source  of  disease.— There 
have  been  many  cases  of  fever  and  dysentery  brought  on  by 
too  near  an  acquaintance  with  corpses  exposed  by  jackals 
or  dug  up  again  in  forming  new  graves ; deep  and  careful 
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buri.il  is  therefore  in  India  even  a greater  necessity  than  in 
a temperate  climate  like  that  of  England  where  the  regu- 
lations are  more  strict,  where  the  burial-grounds  are  really 
a garden  of  the  dead  and  not  the  dreary  row  of  mounds 
without  grass,  trees,  flowers,  or  tombstones  which  is  espe- 
cially the  characteristic  of  native  burial-grounds. 

Graves  ought  to  be  kept  ready. — Without  constant 
supervision  the  regulation  of  native  burial-grounds  is  diffi- 
cult, especially  as  is  often  the  case,  when  the  burials  take 
place  at  night  and  when  the  grave  is  hurriedly  dug  after  the 
corpse  has  arrived  on  the  ground  ; it  is  well,  therefore,  to 
insist  upon  the  vettians  having  always  a certain  number  of 
graves  ready  dug  (except  perhaps  in  monsoon  weather). 
These  can  then  be  inspected  and  the  proper  depth  insisted 
upon. 

Regulations  necessary. — The  vettians  ought  also  to 
be  allotted  certain  portions  of  the  enclosure  in  which  only 
they  ought  to  be  allowed  to  dig  graves  until  such  portion  is 
filled  up.  The  lairs  should  be  marked  out  at  least  6'  x 4' 
with  a pathway  not  less  than  3 feet  wide  at  either  end  and  a 
space  of  not  less  than  2 feet  between  each  lair.  To  number 
these  would  be  a further  improvement,  and  a ground  regis- 
ter showing  the  date  of  the  last  burial  in  each  lair  is  very 
desirable. 

All  graves  should  remain  undisturbed  for  seven 
years. — Where  land  is  difficult  to  obtain  and  where  a 
ground  has  once  been  covered,  recourse  is  usually  had  to  the 
older  undisturbed  portions  on  the  ground  and  the  process 
commenced  again.  This  is  a practice  extremely  undesirable, 
and  in  most  cases  quite  unnecessary  ; even  for  financial 
reasons  (the  only  one  which  can  be  urged  in  its  favour)  it 
should  not  be  supported-  In  any  case,  no  grave  should  bo 
disturbed  under  a period  of  seven  years,  though  various  au- 
thorities have  stated  that  bodies  will  decay  in  five  and  even 
three  years.  The  period  is,  however,  so  dependent  on  the 
composition  of  the  soil,  its  porosity,  the  sub-soil  water  level, 
the  amount  of  pressure,  &c.,  that  no  hard-and-fast  rule  can 
be  laid  down  except  this,  that  the  longer  a grave  can  remain 
undisturbed  the  better. 

Vegetation  in  burial-grounds  to  be  encouraged. 

— As  the  action  of  vegetation  arrests  the  products  of  putre- 
faction by  absorption,  giving  them  out  in  another  and 
harmless  form,  it  is  advisable  to  plant  trees,  grasses,  &c., 
over  the  disused  portions.  In  Madras  some  of  the  burial- 
grounds  adjoin  sewage  farms,  into  which  the  used  up 
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portions  of  the  burial-grounds  are  converted  and  from  which 
are  taken  many  crops  of  grass,  while  plantains,  guavas  and 
figs  grow  freely.  Guinea  grass,  lucerne,  &c.,  are- also  suit- 
able, quick-growing  shade  trees,  such  as  the  rain  tree,  the 
sissoo,  &c.,  are  recommended. 

Area  required  for  burial-grounds.  — The  space 
required  for  a burial-ground  is  one  of  easy  determination ; 
suppose  that  the  time  during  which  graves  are  to  be  un- 
disturbed has  been  fixed  at  seven  years,  that  the  popula- 
tion is  1,000,  that  the  mortality  is  30  per  thousand  and 
that  the  lairs  are  to  be  thus  : 


Then  the  space  appertaining  to  a lair  Is  (6i-H  + l|)x 
(4  + 1 + 1)  = 9 X 6 —b  \ square  feet ; the  space  required  per 
annum  is  54  x 30  x l = 1 ,620  square  feet. 

To  that  may  be  added  5 per  cent,  for  fences,  trees,  &c. 
and  other  portions  which  cannot  be  used : there  will  then 
be  1,620  + 80  = 1,700,  and  for  seven  years  = 11,900  square 
feet,  or  a little  over  1 acre.  " ^ 

This  is  a minimum  and  where  ground  is  not  very  ex- 
pensive, about  one-half  acre  per  1,000  persons  would  be 
desirable. 


Cremation.— Though  there  are  many  modes  of  dispose 
of  the  dead,  one  more  only  need  be  referred  to,  viz.  th< 
practice  of  cremation,  a mode  of  disposal  which  is  om 
much  to  be  encouraged.  There  are  in  Europe  many  pre 
judices  against  this  method ; but  it  is  rapidly  growing  ii 
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favour  and  must  bye  and  bye  in  larger  towns  beoome 
almost  necessary.  While  some  of  the  reasons  against  cre- 
mation are  sentimental,  there  are  other  practical  reasons 
relating  mostly  to  jurisprudence.  The  practice,  however, 
is  one  which  has  long  been  in  vogue  in  India,  and  though 
considerable  improvement  might  bo  made  in  tho  manner. of 
carrying  it  out,  the  system  now  practised  is  not  particularly 
offensive.  It  is,  however,  the  duty  of  municipal  servants 
at  the  burning  grounds  to  see  that  the  corpses  are  com- 
pletely consumed,  and  in  those  cases  where  the  ashes  are  not 
carried  away,  that  they  are  prevented  from  accumulating  in 
heaps  to  the  inconvenience  of  persons  attending  succeeding 
ceremonies. 


Sale  of  firewood  at  burning-grounds.  — The 

monopoly  for  the  supply  of  firewood  to  the  burning  grounds 
is  sometimes  sold,  but  though  considerable  amounts  'may  be 
realized,  it  was  found  in  Madras  that  considerable  hardship 
ensued  from  the  practice. 

The  vettiaus  are  therefore  now  allowed  to  supply  the  fire- 
wood and  bratties  only  when  asked  to  do  so,  and  they  are 
licensed  under  the  following  conditions  and  are  limited  to 
the  following  fees  : — 

(a)  This  license  may  be  withdrawn  or  cancelled  on  proof  of 
the  said  licensee  not  being  available  without  reasonable  excuse 
at  the  said  burial  or  burning  ground  at  any  time  or  times  at 
which  his  services  as  vettian  may  be  required  by  any  member 
or  members  of  the  community  usually  resorting  to  it ; 

(b)  or  neglecting  to  do  the  duty  usually  required  of  him 
there  as  vettian  on  occasions  of  burial  and  burning ; 

( c ) or  causing  or  permitting  or  being  a party  to  any  infringe- 
ment of  the  rules  laid  down  in  the  Muncipal  Act  as  far  as  they 
affect  him  and  his  duties  as  a vettian  ; 


(d)  or  demanding  or  attempting  to  exact  any  higher  fee 
than  at  the  rates  following,  viz. : — 


A.  r. 


For  burial  of  a corpse  of  or  under  1 2 years 

of  age  8 0 

Do.  above  that  age  ,.  10  0 

For  cremation  of  a corpse  of  or  under  12 
years  of  age  including  the  milk  cere- 
mony, if  any  3 0 

Do.  above  that  age,  do...  6 0 

For  supplying  tools  for  the  purpose  of  dig- 
ging grave,  &c.,  to  those  not  otherwise 
requiring  his  services  , . » » , . 16 


o 
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( e ) or  being-  guilty  of  any  misconduct  which,  in  the  opinion 
of  the  President,  requires  the  withdrawal  of  the  license. 

The  cost  of  fuel  for  cremation  in  Madras  is  as  follows : — 

RS.  A.  p. 

600  bratties  (cowdung  cakes)  . . 0 12  0 

Firewood  ..  ..  ..  ..040 

Cooly-hire  as  above  . . . . 0 6 0 

Total  . . 16  0 


During  the  rainy  season  the  charge  for  fuel  is  doubled. 
If  wood  alone  is  used,  240  to  400  lbs.  are  required,  costing 
Its.  1 to  2.  The  cost  of  cremating  paupers  in  Calcutta  is, 
for  adults,  Rs.  1-9-6 ; five  maunds  (400  lbs.)  of  wood  costing 
Its.  1-8-0  are  used,  and  for  children  under  10  years  As.  13-6. 

Cremation  should  be  encouraged. — On  sanitary 
grounds,  as  well  as  on  grounds  of  economy,  cremation  should 
be  encouraged. 


PAIRS  AND  FESTIVALS. 

The  following  are  the  instructions  which  have  been  issued 
in  Madras  in  regard  to  sanitation  at  fairs  and  festivals.  They 
are  apparently  so  complete  as  to  allow  them  to  be  inserted 
without  further  observation  : — 

Rules  for  the  Arrangements  to  be  made  in  the  Manage- 
ment and  Conservancy  of  Fairs  and  Festivals. 

I. — A ccommodation. 

Make  suitable  provision  for  the  probable  number  of  persons 
who  may  not  be  able  to  find  accommodation  in  adjacent  towns 
and  villages  as  follows  : — 

i.  Select  level,  and  lay  out  suitable  encamping  grounds, 
bearing  in  mind  the  principal  requirements  of  elevation  ; prox- 
imity to  place  of  concourse  ; sufficiency  of  a pure  water-supply  ; 
dry,  clean  and  untainted  soil,  and  direction  of  prevailing  winds. 

ii.  Lay  out  this  ground  in  divisions  or  sections,  separated 
by  streets  not  less  than  40  feet  wide,  and,  when  space  permits, 
with  subsidiary  streets  20  feet  wide. 

iii.  Erect  upon  these  sites  temporary  sheds  or  huts  for  the 
accommodation  of  those  who  may  require  them. 
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21.  In  short,  clean  water,  olean  food,  the  free  use  of  salt,  and 
cleanliness  generally,  are  the  best  preventives  against  the  spread 
of  cholera. 

Treatment  of  Cholera. 

22.  There  is  no  specific  treatment  of  cholera  which  can  be 
looked  upon  with  confidence,  numberless  as  are  the  cures  con- 
stantly published  in  the  papers  generally  by  unscientific  people. 

23.  The  free  use  of  salt  has  been  strongly  recommended  as  a 
preventive,  and  there  can  be  no  doubt  that  people  deprived  of 
that  condiment  fall  easy  victims  to  this  dreadful  malady.  Salt 
should  always  be  used  with  food,  and  more  freely  so  when 
cholera  is  about. 

24.  Cholera  often  shows  itself  first  by  a premonitory  diar- 
rhoea, and  people  should  be  encouraged  to  apply  at  once,  when 
so  suffering,  for  treatment. 

25.  Ten  to  twenty  drops  of  chlorodyne  in  some  spirits  and 
water,  repeated  in  two  or  three  hours  (to  those  who  can  afford 
such  a remedy),  will  often  cut  short  such  a diarrhoea. 

26.  Cheaper  medicines,  such  as  chalk  mixture,  Patterson’s 
pills,  cholera  drops,  should  be  kept  at  the  head-quarters  of  com- 
munities, to  be  dispensed  by  some  intelligent  person  when  no 
doctor  is  available,  and  much  good  may  thus  be  done  in  checking 
premonitory  diarrhoea. 

27.  When  cholera  is  fully  established,  professional  aid  must, 
of  course,  when  available,  be  immediately  procured.  It  would 
be  useless  to  lay  down  any  general  rules  for  treatment  under 
such  circumstances. 

THE  DnOBIE. 

Existing  conditions. — The  dhobies  are  accustomed  to 
wash  the  clothes  of  their  employers  in  shallow  streams,  pools, 
tanks  and  wells,  the  latter  usually  pot  wells  and  not  very 
deep.  The  wells  are  made  of  earthen  rings  placed  one  abovo 
the  other  as  the  well  sinks.  The  stones  on  which  clothing 
is  beaten  are  within  a few  feet  of  the  wells.  No  drains  are 
provided  and  the  water  used  usually  soaks  back  into  or 
towards  the  well.  The  houses  of  the  dhobie  class  are,  as  a 
rule,  more  cleanly  than  those  of  the  lower  classes  of  the 
community.  The  clothing  to  be  cleaned  is  usually  stored  in 
a dhobie’s  house  side  by  side  with  that  already  washed,  and 
it  may  be  easily  understood  that  during  an  epidemic  a great 
means  of  spreading  it  exists.  The  dhobie  is,  however,  prob- 
ably more  sinned  against  than  sinning,  because,  very  often 
clothes  which  have  been  used  by  patients  suffering  from  an 
infectious  disease  are  sent  to  the  dhobie  without  warning 
and  without  having  been  previously  disinfected,  and  thus  not 
only  is  disease  introduced  amongst  the  dhohie  community, 
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but  that  community  becomes  a centre  for  the  spread  of  the 
disease  to  others. 

The  foregoing  are  practically  the  remarks  of  Dr.  W.  Gr. 
King,  Sanitary  Commissioner  of  Madras,  who  makes  the 
following  proposals  to  mitigate,  if  not  prevent,  the  evils 
referred  to  above : — 

(1)  The  storage  of  clothing  in  the  private  dwellings  of 
dhobies  should  be  discouraged. 

(2)  Endeavours  should  be  made  to  place  such  conveniences 
at  the  disposal  of  dhobies  that  they  should  be  led  to  settle  in 
the  same  quai’ters  of  the  town  whence  they  chiefly  derive  their 
work.  This  would  do  much  towards  limiting  the  spread  of 
disease. 

(3)  Cleanliness  should  be  ensured  in  the  process  of  wash- 
ing, as  well  as  correct  hygiene  of  the  locality  in  which  it  takes 
place. 

To  meet  these  ends,  all  professional  dhobies  should  be  classi- 
fied into  two  grades  and  be  allowed  to  pursue  their  vocations 
subject  to  licenses,  issued  without  fee,  by  the  municipality. 
The  conditions  under  which  these  should  be  granted  should  be 
that  the  house,  the  source  of  water-supply,  and  the  place  of 
washing  and  drying  be  primarily  approved,  and  shall  subse- 
quently be  retained  in  a state  that  will  satisfy  ordinary  sani- 
tary requirements;  and,  secondly,  that  it  be  compulsory  that 
a list  be  kept  by  each,  showing  the  names  and  residences  of 
their  employers.  This  arrangement  is  probably  all  that  could 
be  done  for  sanitarily  regulating  the  actions  of  average  dhobies, 
both  on  account  of  their  poverty  and  habits,  and  the  status  of 
the  people  for  whom  they  work. 

As  to  the  second  grade  more,  however,  might  be  accom- 
plished. In  large  towns  it  is  impossible  that  there  should  not 
be  a considerable  section  of  their  community  that  would  gladly 
pay  for  the  support  of  wash-houses  under  good  management. 
To  suit  the  convenience  of  such  persons,  it  is  suggested  that  the 
erection  of  ranges  of  buildings  consisting  of  separate,  small, 
well- ventilated  rooms  destined  solely  for  the  storage  of  dirty 
clothing,  and  others  jointly  for  storage  of  clean  clothes  and  for 
the  process  of  ironing.  There  would  be  no  difficulty  in  arrang- 
ing for  the  safe  custody  of  such  places.  The  buildings  should 
be  erected  in  various  parts  of  the  town.  In  proximity  to  each 
should  be  sufficient  open  ground  for  drying  and  bleaching 
purposes.  Abyssinian  tube  wells,  or  the  ordinary  cylinder  wells 
of  the  country,  would  yield  a safe  supply  of  waiter  if  the  towns 
supply  could  not  be  spared.  A very  little  management  would, 
without  interference  with  the  dhobie’s  traditional  habits,  secure 
the  placing  of  an  impervious  flooring,  the  use  of  separate  water 
by  each  man,  and  its  removal  by  effectual  drainage.  The 
whole  washing  operation  should  be  conducted  in  the  open  air. 
A municipality  might  start  such  wash-houses  under  their  own 
supervision  the  first  year,  and  subsequently  let  them  out  on 
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contract.  Payments  for  rent  of  wash-houses  should  be  made  by 
the  dhobies,  who  would  doubtless  recover  the  amount  by  higher 
charges  to  their  employers.  In  connection  with  this  point  I 
may  state  that  dhobies  at  certain  places  pay  owners  of  ground 
at  the  rate  of  one  rupee  per  mensem  to  be  allowed  to  use  it  for 
drying  purposes. 

Such  suggestions  would,  of  course,  not  cover  the  danger  of 
persons  sending  infected  clothing  to  the  wash.  Here  legisla- 
tion should  interfere,  by  making  the  careless  disposal  of  cho- 
leraic matter  penal,  taking  caro  that  proof  of  knowledge  of 
danger  be  not  necessary,  as  such  proof  is  at  all  times  difficult  to 
obtain  ; discretion  given  to  magistrates  would  sufficiently  guard 
against  undue  harshness.  A well-orgaifized  sanitary  staff  deal- 
ing with  such  matters,  and  fitted  with  convenient  arrangements 
for  the  public  to  give  effect  to  sanitary  precautions,  should  also 
be  a sine  qud  non.  To  the  sanitarian,  if  not  humanitarian,  it 
must  remain  a puzzle  when  laws  are  called  into  force  to  regulate 
and  control  the  storage  of  gunpowder,  dynamite  and  kerosine 
that  the  evident  peril  which  may  result  to  the  lives  of  thousands 
from  the  careless  disposal  of  disease-bearing  matter  should  be 
ignored. 

The  diagram  on  the  succeeding  page  is  from  a rdugh 
draft  of  a design  for  a dhobie-khana  by  Dr.  King. 

Bakeries. — Bakeries  are  also  places  which  require  super- 
vision. There  is  enough  reason  for  this  when  two  coolies 
are  seen  reeking  with  perspiration  sitting  up  to  their  knees 
in  the  flour  they  have  just  ground  probably  with  betel  leaf 
in  their  mouths,  the  contents  of  which  are  ejected  from  time 
to  time,  whither  ? 

Tanneries. — Tanneries  are  most  offensive,  and  the 
chief  requirement  in  regard  to  them  is  that  certain  hours 
should  be  fixed,  during  which  alone  the  hides  and  skins  may 
be  drawm  from  the  tan-pits.  It  is  well  to  keep  them  outside 
the  town. 

Paddy-boiling'. — Boiling  paddy  is  another  occupation 
worthy  of  constant  inspection.  The  same  water  is  apt  to  be 
used  again  and  again,  probably  water  very  far  from  pure  in 
the  first  instance  ; paddy  boilers  ought  to  be  limited  to  wells 
of  known  purity  for  their  supplies. 

other  trades. — The  refuse  from  oil-boiling  houses,  dye 
houses,  &c.,  should  not  be  allowed  to  fall  into  the  street 
drains.  Brick-kilns  ought  to  be  fired  only  during  certain 
hours.  Lime-kilns  ought  to  be  at  a distance  from  public 
roads;  the  storage  of  bones,  horns,  &c.,  should  never  be 
permitted  adjacent  to  dwelling  houses.  Trades,  such  as 
indigo-dyeing,  soap-boiling,  &c.,  which  are  particularly  offen- 
sive, ought  to  be  relegated  to  the  outskirts  of  a town. 

r 
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HALF  SECTION  OF  DHOBI  K-K  HA NA 


The  hut  on  one  side  is  for  clean  clothing, 
the  other  for  foul  clothing. 
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CHAPTER  III. 


CENSUS , REGISTRATION  AND  VITAL  STATISTICS. 

CENSUS  AND  REGISTRATION. 

Census. — A census  may  be  defined  as  the  collection  of 
correct  vital  statistics.  Vital  statistics  must  be  considered, 
firstly,  in  relation  to  the  source  and  collection  of  information, 
such  as  taking  a census,  registration  of  births,  deaths,  &c. ; 
secondly,  in  regard  to  the  results  so  obtained  when  these  are 
properly  tabulated. 

To  obtain  correct  vital  statistics,  it  is  essential  to  have 

(1)  a correct  enumeration  of  the  population,  (2)  a complete 
and  accurate  registration  of  births,  marriages  and  deaths, 
(3)  an  accurate  statement  of  the  age,  sex  and  cause  of  death 
of  each  person. 

The  aotual  population  is  known  at  the  date  of  each  census 
only.  During  the  intervening  years,  estimates  of  the  popu- 
lation are  made.  The  requirements  of  a good  census,  from 
a sanitarian’s  point  of  view,  are,  that  the  enumeration  shall 
be  accurate,  complete,  rapid  and  simultaneous  throughout 
the  country  to  avoid  the  disturbing  influence  of  migration. 
The  particulars  required  in  the  last  Indian  census  (1891) 
were  as  follows  : — 

(1)  Serial  number  and  name. 

(2)  Religion. 

(3)  Sect  of  religion. 

(4)  Caste  of  Hindus  and  Jains,  tribe  or  race  of  others. 

(5)  Sub-division  of  caste,  &c. 

(6)  Male  or  female. 

(7)  Age. 

(8)  Married,  unmarried  or  widowed. 

(9)  Parent  tongue. 

(10)  Birth  district,  province  or  country. 

(11)  Occupation  or  means  of  substance. 

(12)  Learning,  literate  or  illiterate. 

(13)  Language  known  by  literate. 

(14)  If  any  person  bo  insane,  deaf-mute  from  birth, 

totally  blind  or  a leper,  enter  that  person  as 
such. 
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A continuous  system  of  registration  of  births,  deaths,  &c., 
however  perfect,  cannot  take  the  place  of  a ‘census,’  in  so 
far  that  it  gives  no  record  of  emigration  or  immigration 
which  are  powerful  factors,  especially  in  large  seaport  towns 
or  towns,  with  special  industries,  in  varying  the  respective 
classes  and  number  of  the  population.  A census,  therefore, 
is  a necessity,  and  it  is  usually  taken  every  ten  years.  The 
results  are  especially  valuable  to  municipal  officials,  the 
more  so  if  the  results  are  specially  tabulated  so  as  to  show 
the  population  in  each  street,  district  and  parcherry  and  the 
density  of  each  such  division. 

Before  a census  is  commenced  most  elaborate  instructions 
are  issued  by  the  Government  of  India  and  the  Local 
Governments ; but,  while  keeping  strictly  to  these  rules,  it 
is  always  open  to  Municipal  Councillors,  who  in  towns 
supervise  the  operations,  to  obtain  such  additional  informa- 
tion as  will  assist  in  the  preparation  of  municipal  statistics. 

A description  of  the  preliminary  operations  in  the  City 
of  Madras  preparatory  to  the  last  census  will  be  found  at  the 
end  of  this  chapter. 

Estimation  of  population  in  intercensal  period. — 

Estimates  of  the  population  require  to  be  made  in  the  inter- 
val between  each  census  and  the  one  immediately  succeeding 
it.  If  the  number  of  births,  deaths,  and  the  amount  of 
immigration  and  emigration  since  the  preceding  census 
were  known,  the  estimation  would  be  easy,  but  registration 
is  never  perfectly  correct,  and  the  amount  of  immigration 
and  emigration  can  only  be  roughly  determined. 

The  Begistrar-General’s  method  of  estimating  the  popu- 
lation is  based  on  the  assumption  that  the  same  rate  of 
increase  will  hold  good  as  in  the  previous  intercensal  period. 
For  small  towns,  however,  it  is  sufficiently  correct  to  add 
one-tenth  of  tho  actual  increase  shown  at  the  last  census ; 
in  largo  towns  this  plan  would  lead  to  a considerable  error. 
By  such  plan  no  notice  would  be  taken  of  the  increase  of 
population  which  would  ensue  from  the  annual  increment. 

The  proper  plan  to  obtain  the  population  of  a place  for 
any  given  year  in  the  present  decade  is  this — find  the  loga- 
rithms of  the  last  two  census  returns,  and  subtract  the  lesser 
from  the  greater ; this  will  give  the  logarithm  of  tho  annual 
rate  of  increase  for  the  last  decade  which,  multiplied  by  the 
number  of  years  since  the  last  census  and  added  to  the  last 
enumerated  population,  gives  the  estimated  population  for 
the  year  in  question,  or  thus  : — 
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Let  a = population  in  1881. 
b = do.  in  1891. 

D = i ^ a (supposing  the  population  increasing) 
D <-  a~ l)  (supposing  the  population  decreasing). 
= annual  increase  or  decrease. 

Then,  assuming  tho  population  is  increasing  or  decreasing  in 
the  same  ratio  as  in  the  last  decade,  the  logarithm  of  tho 
population  in  the  year  1895  or  four  years  after  the  census 


Demolition  of  property,  the  opening  of  new  hospitals, 
immigration  and  emigration  tend  to  vitiate  results  to  somo 
slight  extent. 

Registration. — ^ext  to  a correct  enumeration  of  popu- 
lation, the  accurate  registration  of  births,  marriages  and 
deaths  constitutes  an  essential  basis  of  vital  statistics.  By 
careful  and  accurate  registration,  the  limits  of  mortality 
and  its  causes  may  bo  determined  with  some  precision  and  a 
knowledge  also  obtained  of  those  causes  which  bring  about 
a high  death-rate. 

Registration  in  India  defective. — In  India  at  pre- 
sent only  births  and  deaths  arc  registered,  and  it  cannot  be 
disputed  that  registration  is  extremely  defective,  more  so,  of 
course,  in  the  districts  than  in  the  towns. 

Difficulties  in  obtaining  information. — While  it 
is  easier  to  record  births  than  deaths,  fewer  facts  regarding 
a birth  than  a death  being  necessary,  yet  it  is  proportionately 
more  difficult  to  obtain  the  necessary  information.  The 
registrar  is  usually  dependent  on  the  native  midwives,  who 
habitually  attend  confinements,  and  on  the  fact  that,  when  a 
birth  occurs,  margosa  leaves  arc  placed  over  the  doorway. 
These  midwives,  generally  of  the  Ambattan  or  Barber  caste, 
are  without  proper  training  and  cannot  usually  either  road 
or  write.  There  is  no  doubt  that,  in  towns  at  least,  they 
ought  to  be  brought  under  proper  control  and  licensed,  and 
punished  if  they  act  without  such  license.  The  day  has  not 
yet  come  (though  perhaps  not  far  off)  when  it  will  be 
possible  to  prevent  uncertificated  persons  practising  that 
occupation. 

Difficulties  in  registration  of  death  particulars. — 

Greater  difficulties  are  encountered  in  registering  tho  parti- 
culars of  deaths,  and  it  seems  very  advisablo  that  no  burial 
should  be  allowed  without  a certificate  of  the  cause  of  death 
from  a medical  man  of  some  grade  or  other.  At  present  no 
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such  measure  is  in  force,  and  the  registrar  is  entirely  in  the 
hands  of  perhaps  an  ignorant  cooly  who  comes  to  register 
the  death,  but  knows  nothing'  of  the  cause.  Each  death  is, 
however,  ascertained  to  have  taken  place,  as  there  is  the  check 
at  the  burial-grounds  (where  concopillays  should  always  be 
on  duty),  and  when  once  the  fact  of  death  and  the  late  resi- 
dence has  been  ascertained,  it  depends  on  the  acuteness  of 
the  registrar  to  register  the  cause  of  death  correctly  or  other- 
wise. Often,  however,  the  deceased  persons  have  not  been 
attended  by  any  medical  man,  and  the  classification  of  the 
cause  of  death  may  or  may  not  be  correct. 

Mofussil  registration  not  reliable. — While  such  a 
state  of  things  exists  in  cities,  in  the  mofussil  matters  are 
very  much  worse,  and  the  registration  returns,  so  far  as  their 
details  go,  must,  of  course,  for  the  present,  be  looked  upon 
with  considerable  suspicion. 

The  registration  of  the  cause  of  death  has  given 
much  impetus  to  sanitary  work ; it  is  not  too  much  to  say 
that  modern  sanitary  science  owes  its  existence  to  the  regis- 
tration of  deaths  and  their  causes,  our  knowledge  of  all  the 
facts  of  health  and  disease  having  obtained  a precision  it 
never  did  before.  Yet,  as  before  pointed  out,  the  correctness 
of  the  stated  cause  of  death  is,  in  this  country,  open  to  much 
suspicion. 

A perfect  medical  registration  of  causes  of  death 
can  only  be  insured  by  steady  but  unceasing  steps  to  that 
end  and  by  such  means  as  undernoted  : — 

(1)  Improved  education  of  practitioners  and  others 
attending  the  poor. 

(2)  The  appointment  of  skilled  sanitarians  as  registrars 
who  could  gauge  the  value  of  information  tendered  and 
inquire  into  dubious  cases. 

(3)  A uniform  nomenclature  of  diseases. 

This  last  necessity  is  very  obvious,  or  any  classified 
results  must  be  untrustworthy. 

The  following  is  the  Registrar-General’s  classification  of 
causes  of  death  : — 

I.  Specific  febrile  or  zymotic  diseases — 

1.  Miasmatic  diseases — 

(Vaccinated. 

Unvaccinated. 

_ No  statement. 

Chicken-pox. 

Measles. 
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Epidemic  rose  rash. 

Scarlet  fever. 

Typhus. 

E elapsing  fever. 

Influenza. 

Whooping  cough. 

Mumps. 

Diphtheria. 

Cerebro-spinal  fever. 

Simple  and  ill- defined  fever. 

Enteric  fever. 

Other  miasmatic  diseases. 

2.  Diarrhceal  diseases — 

Cholera. 

Diarrhoea,  dysentery. 

3.  Malarial  diseases — 

Eemittent  fever. 

Ague. 

4.  Zoogenous  diseases — 

Hydrophobia. 

Glanders. 

Splenic  fever. 

Cow-pox  and  other  effects  of  vaccination. 

5.  Venereal  diseases — 

Syphilis. 

Gonorrhoea,  stricture  of  urethra 

6.  Septic  diseases — 

Phagedoena. 

Erysipelas. 

Pyoemia,  septicoemia. 

Puerperal  fever. 


II.  Parasitic  diseases — 

Thrush. 

Other  diseases  from  vegetable  parasites. 
Hydatid  disease. 

Other  diseases  from  animal  parasites. 


III.  Dietetic  diseases — 

Starvation,  want  of  breast-milk. 
Scurvy. 

x , i Chronic  alcoholism. 

Intemperance  j Delirium  tremeM 


IV.  Constitutional  diseases — 

Bheumatic  fever,  rheumatism  of  heart. 
Gout. 

Pickets. 

Cancer. 

Tabes  mesenterica. 
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Tubercular  meningitis  (acute  hydrocephalus). 
Phthisis. 

Other  forms  of  tuberculosis,  scrofula. 

Purpura,  haemorrhagic  diathesis. 

Anaemia,  chlorosis,  leucocythoemia. 

Diabetes  mellitus. 

Other  and  undefined  constitutional  diseases. 

Y.  Developmental  diseases — 

Premature  birth. 

Atelectasis. 

Cyanosis. 

Spina  bifida. 

Imperforate  anus. 

Cleft  palate,  harelip. 

Other  congenital  defects. 

Old  age. 

YI.  Local  diseases — 

Diseases  of  nervous  system. 

Diseases  of  organs  of  special  sense. 

Diseases  of  circulating  system. 

Diseases  of  respiratory  system. 

Diseases  of  digestive  system. 

Diseases  of  lymphatic  system  and  ductless  glands. 
Diseases  of  urinary  system. 

Diseases  of  organs  of  generation 
Diseases  of  parturition. 

Diseases  of  organs  of  locomotion. 

Diseases  of  integumentary  system. 

VII.  Violence- 

Accident  or  negligence. 

Homicide. 

Suicide. 

Execution. 

VIII.  Ill-defined  and  not  specified  causes — 

Dropsy. 

Debility,  atrophy,  inanition. 

Mortification. 

Tumour. 

Abscess. 

Haemorrhage. 

Sudden  deaths  (causes  unascertained). 

Other  ill-defined  and  not  specified  causes. 

It  is  evident  that  the  above  classification  cannot  be  made 
use  of  in  this  country  with  any  perfect  accuracy  so  long  as 
persons  who  undertake  the  duties  of  registrars  are  not  all 
medical  practitioners,  and  it  shows  how  necessary  it  is  that 
such  persons  should  be  so  if  medical  certificates  were  required 
in  all  cases  of  death. 
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Particulars  required  in  registration  of  births 
and  deaths. — The  Municipal  Acts  clearly  dofine  the  duties 
of  registrars.  The  Madras  Municipal  Act,  in  addition,  pre- 
scribes the  form  in  which  the  registration  is  to  he  made ; the 
District  Act  leaves  the  form  to  bo  prescribed  by  the  Governor 
in  Council.  The  following  are  tho  particulars  rcquirod  under 
the  former  Act : — 


Births  in  the  District  of- 


Deahhs  in  the  District  of- 


VITAL  STATISTICS. 

Vital  statistics  defined. — One  definition  of  vital  statis- 
tics is  ‘ the  science  of  numbers  applied  to  the  lifo  history  of 
communities  and  nations/  another  ‘ that  branch  of  statistical 
science,  which  has  for  its  object  the  discovery  of  the  laws 
which  govern  the  physical  condition  of  mankind.’  This  object 
can  be  attained  only  by  the  consideration  of  the  various 
problems  connected  with  the  birth,  life  and  death  of  man. 
For  their  elucidation  dependence  must  be  placed  on  a series 
of  numerical  units  (tho  term  used  by  Dr.  Parkes)  which  have 
to  be  grouped  together,  and  these  numbers  must  therefore 

* Q 
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be  all  of  the  same  nature  and  comparable  one  with  another 
so  as  to  admit  of  their  addition  and  classification. 

‘ Man.  ’ — It  is  very  necessary  to  understand  correctly  the 
significance  of  the  word  ‘ man  ’ used  in  the  last  paragraph, 
because  it  is  only  by  a correct  appreciation  of  such  signifi- 
cance that  the  principles  which  underlie  the  science  of  statistics 
can  be  comprehended. 

General  laws  discoverable  by  the  consideration 
of  a large  number  of  units  and  by  losing  sight  of 
man  as  an  individual. — General  laws  are  discovered  only 
by  the  study  of  phenomena  extending  over  a large  number 
of  instances  ; and  by  studying  the  statistics  relating  to  a very 
large  number  of  individual  men,  results  can  be  arrived  at 
which  allow  the  promulgation  of  general  laws.  M.  Quetlet 
says,  in  an  essay  on  ‘ the  Development  of  the  Faculties  cf 
Man/  1869  ; “ we  must  before  all,  lose  sight  of  man  taken  by 
himself  and  consider  him  only  as  a fraction  of  a species.  In 
stripping  him  of  his  individuality  we  shall  eliminate  all  that 
is  merely  accidental ; and  the  individual  peculiarities  which 
exercise  little  or  no  effect  on  the  mass  will  be  effaced  of  them- 
selves and  permit  us  to  lay  hold  on  general  results.’ ’ 

System  of  life  assurance  based  on  the  expecta- 
tion of  life. — As  for  example  the  length  of  the  life  of  any 
living  individual  cannot  even  be  guessed  at,  yet  of  any  class 
of  individuals  what  is  called  the  expectation  of  life,  is  known 
and  upon  such  expectation  is  based  the  whole  system  of  life 
assurance. 

The  uses  of  vital  statistics  are  exceedingly  numerous. 
In  the  first  place  they  afford  valuable  information  as  to  the 
health  of  the  people  and  the  conditions  which  influence  it 
for  good  or  evil.  By  their  aid  the  birth-rate,  the  death-rate, 
the  mortality  from  different  diseases  in  different  places  can 
bo  studied.  By  their  aid  also  is  discovered  the  mean  age  at 
death,  the  mean  duration  of  life,  the  expectation  of  life  or  the 
mean  ‘ after  lifetime  * (Farr),  the  effects  of  various  occupa- 
tions on  health,  and  the  death-rates  among  the  various  classes 
of  the  population. 

Careful  preparation  of  statistics  necessary.— 

Great  care  is  necessary  in  the  preparation  of  statistics,  and  it 
is  a rule  that,  where  there  is  doubt  about  any  death 'having 
occurred  from  a particular  disease,  it  is  better  to  omit  such 
death  from  the  heading  to  which  may  be  presumed  to 
belong  and  to  group  it  with  undetermined  diseases.  It  must 
be  remembered  that  statisticians  do  not  attempt  to  check  the 
figures  placed  before  them ; they  simply  accept  them.  In 
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using  statistics,  however,  for  the  deduction  of  conclusions 
even  greater  caution  is  necessary  than  in  their  preparation  ; 
many  startling  results  have  been  found  to  be  duo  no  less  to 
incorrect  statements  than  to  unscientific  inferences. 

Arrangement  of  statistics. — In  compiling  statistics 
the  first  thing  to  do  is  to  arrange  t ho  items  or  numerical 
units  into  groups.  These  numbers  are  then  further  divided 
according  to  age,  nationality,  religion  or  still  further  accord- 
ing to  the  weeks,  mouths,  division  of  the  town  or  village  in 
which  they  occurred. 

Comparison  of  groups.  — The  classification  having 
been  made,  the  groups  have  next  to  be  compared  with  the 
total  number  of  units  taken  collectively,  and  also  with 
each  other.  The  standard  universally  adopted  in  vital  statis- 
tics, in  making  such  comparisons,  is  to  state  this  relation  as 
per  thousand  or  per  ten  thousand  or  per  hundred  thousand. 
This  is  effected  thus  : suppose  a population  of  400,000  with 
tho  number  of  deaths  in  a year,  say,  from  diseases  of  the 
nervous  system  amounting  to  4,750  ; 

400.000  : 100  ::  4,750  : 1 187 

and  thus  11 87  is  the  percentage  of  the  population,  who  died 
in  the  solected  year  from  nervous  diseases.  Again  suppose 
the  total  number  of  deaths  in  the  same  year  was  14,000  ; now 
if  it  is  desired  to  determine  what  percentage  of  the  total  deaths 
was  due  to  nervous  diseases,  the  calculation  is  made  thus  : — 

14.000  : 100  : : 4,750 : 33*93 

or  33*93  per  cent,  of  those  who  died  in  that  year  from  nervous 
diseases. 

The  above  are  simple  proportions,  but  if  (n)  bo  supposed 
to  represent  the  smaller  number  and  (N)  the  larger  number, 
it  will  be  seen  that  the  result  ( x ) will  be 

nx  100 

and  if  the  number  per  thousand  is  required  then 

n x 1,000 

x — v? • 

IS 

Mean  results. — When  several  groups  have  been  col- 
lected, say  those  of  the  percentages  of  deaths  from  nervous 
diseases  for  ten  past  years,  it  becomes  necessary  to  find  tho 
mean.  This  is  best  effected  by  adding  the  totals  of  all  the 
years  together,  in  this  case  ten,  and  dividing  by  ten,  the 
result  is  what  is  called  tho  arithmetical  mean.  Now  suppose 
the  percentages  to  have  been  28*00,  28*10,  2r98,  x7'94,  27*80, 
27*30,  27-85,  27*00,  26*90,  26*78;  The  addition  of  these 
figures  gives  275*65  and  divided  by  10  is  equal  to  27*565, 
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which  is  the  mean  percentage  of  the  deaths  due  to  that  cause 
in  the  selected  ten  years. 

Future  figures  cannot  be  accurately  derived  from 
results  of  past  years. — If  the  death-rate  figures  of  each 
year  of  ten  are  taken  and  treated  similarly,  the  mean  death- 
rate  for  these  ten  years  can  be  determined.  Now  it  might  be 
supposed  that  because  the  mean  death-rate  of  the  preceding 
ten  years  is  known,  it  may  be  applied  to  the  succeeding  ten 
years,  hut  this  is  not  so.  Apart  from  other  considerations, 
such  as  increase  in  population,  &c.,  arithmetical  means  are 
reliable  only  when  dealing  with  extremely  lengthy  periods 
as  will  he  seen  in  the  following  illustration. 

Probable  or  mean  error. — Suppose  the  death-rate  of 
a town  during  ten  years  had  been  per  thousand  30,  31,  29,  3 1 , 
30,  29,  28,  27,  26, ‘ 27,  or  a mean  of  Ml  = 28-80.  Now  the 

i ° 

average  of  the  first  two  years  is  30-5,  of  the  second  pair  30> 
of  the  third  pair  29-5,  of  the  fourth  27  5,  and  of  the  last 
26-5.  None  of  these  therefore  approach  the  true  mean  for  the 
ten  years ; so  similarly  the  mean  of  one  period  of  ten  years 
cannot  be  depended  upon  as  likely  to  he  the  mean  for  the  next 
period.  But  the  greater  the  amount  of  the  units  taken,  the 
more  nearly  will  their  average  approach  the  truth.  The 
amount  of  departure  from  the  average  within  which,  on  one 
side  or  the  other  the  truth  exists,  is  called  the  probable  error 
of  the  arithmetical  mean.  To  find  this  probable  error,  from 
the  mean  of  the  series  of  observations,  deduct  the  mean 
of  all  observations  which  are  below  the  mean  and  from  the 
mean  of  all  observations  above  the  mean,  deduct  the  mean 
itself,  half  the  total  of  the  two  quantities  thus  found  is  the 
mean  error.  For  example  the  mean  of  all  observations  is 
28'8  ; from  this  deduct  the  mean  of  all  observations  below 
the  mean,  viz.,  ff+_27  + 26  + 27  = = ^ theu  deduct  2f 

from  28  80  and  the  result  is  18().  Again  from  the  mean 

of g — 30,  deduct  28-8,  this  equals 

P20  ; add  F80  and  120  ; half  of  this  or  T5  is  the  probable 
error.  The  true  mean  will  be  between  28-80 — 1-50  = 27-3 
and  28-80  + 1-50  = 30-3. 


Raddicke’s  method. — In  view  to  obtaining  a close 
approximation  to  the  truth  in  calculations  made  with  a 
moderate  number  of  units,  a method  sometimes,  but  perhaps 
now  seldom,  used  is  one  which  has  been  called  by  Professor 
Raddicke,  the  method  of  successive  means.  Taking  the  same 
eries  of  death-rate  figures,  the  successive  means  are  found 
thus— 
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30  + 31  . 30  + 31  + 29  30  + 31  + 29  + 31 

2 ’ 3 * 4 ‘ ' &c-> 

if  we  add  theso  successive  moans  thus  found,  we  will  have 
a total  of  267*84  and  this  divided  by  9,  the  number  of  moans 
gives  the  figure  29*76  Take  again  the  means  in  the  reverse 
order,  that  is  thus — 

27  + 26  27  + 26  + 27  . 27  + 26  + 27  + 23 

2 ’ 3 ’ 4 » &c ’ 

and  add  the  results;  this  will  be  found  to  bo  249-53,  and 
this  divided  by  9 gives  27-72.  We  may  therefore  conclude 
from  these  results  that  the  true  mean  lies  somewhere 
between  27*72  and  29*76,  which  are  rather  narrower  limits 
than  those  found  under  the  former  method.  One  important 
point  in  connection  with  tho  calculation  of  averages  must 
be  remembered,  and  that  is  that  if  an  average  of  averages  bo 
taken,  the  units  comprising  each  set  of  averages  must  be 
equal,  or  incorrect  deductions  will  be  arrived  at. 


Published  weekly  results  calculated  on  an  an- 
nual basis. — In  publishing  the  numbers  of  births  or  deaths 
these,  though  published,  say,  weekly,  arc  still  given  as  so 
many  per  annum.  Thus  if  the  number  of  deaths  in  a town, 
say,  of  400,000  inhabitants  was  200  per  week  we  require 
to  know  how  many  per  1,000  or  per  100  this  is  per  annum. 
Now  if  this  rate  of  200  per  week  were  maintained  in  52 
weeks  or  one  year,  then  200x52=10,400  would  be  tho 

result;  and  — ,4>>°  ~~ «•  = 26  per  1,000  as  the  death-rate 

for  that  week.  There  are,  however,  365*24226  days  in  a year, 


so  a week  is  of  a year.  The  estimated  population 

should,  therefore,  bo  divided  by  the  denominator  and  the 
number  of  births  or  deaths  in  a week  applied  to  that  figuro 


400,000 


when  preparing  weekly  returns,  thus  5217447'—  7 ,666.  This 

is  called  the  weekly  population  of  the  town  and  the  correct 

t ,i  , 200X1,000  0/5. Aft 

death-rate  = '~Yqg6 — = ®9. 


Comparison  of  rates  for  different  periods.— In  com- 
paring the  birth  or  death  rates  of  one  period  with  those  of 
another,  the  variation  in  the  numbers  of  the  population  must 
be  taken  into  account.  Now,  for  example,  to  compare  tho 
vital  statistics  of  a town  in  1887  with  those  of  the  same  town 
in  the  previous  ten  years ; suppose  that,  in  tho  week  dealt  with 
the  number  of  deaths  was  230  and  that  the  average  of  the 
corresponding  week  of  the  previous  ten  3 ears  was  220,  is  it 
to  be  supposed  that  the  deaths  are  1 0 abo^  e the  a^  erage  ? 
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This  would  be  true  if  the  population  had  not  increased, 
but  if  by  the  birth-rate  and  census  returns  it  was  estimated 
that,  in  the  ten  years,  the  average  population  had  risen,  say, 
from  400,000  to  420,000,  we  have  the  proportion- 

400:  420:220:  231 

so  that  in  fact  the  death-rate  is  below  the  average  and  not 
above  it. 

Diagramatic  representation  of  statistics.  It  is  a 

practice  to  represent  statistical  facts  on  a diagram  ; a certain 
space  in  one  direction  on  the  diagram  representing  a number 
and  a space  in  a direction  at  right  angles  to  the  former 
a division  of  time.  The  vertical  lines  show  periods  and 
horizontal  particular  number  while  the  position  of  the  wa\y 
lines  shows  the  number  of  deaths  which  occurred  in  each 
period.  The  use  of  such  a representation  is  to  present  the 
year’s  figures  to  the  mind  at  a glance. 

DIAGRAM  OF  DEATH-BATES  IN  A TOWN  OF  ABOUT 
10,000  PEOPLE. 
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Birth-rate. — By  birth-rate  is  meant  the  proportion  of 
births  which  take  place  in  each  year  when  compared  with  the 
total  population  of  the  district.  It  is  usually  stated  as  so 
many  per  thousand  of  population. 

High  birth-rate  indicative  of  prosperity. — A 

high  birth-rate  usually  indicates  that  a community  is  pros- 
perous, and  a high  birth-rate  combined  with  a low  death-rate 
shows  that  the  conditions  under  which  the  population  lives 
is  favourable  to  longevity ; becauso  the  more  numerous  the 
births  to  a marriage  the  greater  is  tho  presumption  that  a 
long  interval  exists  between  tho  mean  period  of  marriage 
and  the  mean  period  of  death.  A high  birth  with  a high 
death-rate  may  occur  in  poor  and  improvident  communities 
where  people  marry  whether  they  can  afford  it  or  not. 

Legitimate  and  illegitimate  births. — In  India  no 
distinction  is  made  in  the  registration  of  legitimate  and 
illegitimate  births,  and  thus  by  the  birth-rate  tho  prolificness 
of  marriages  cannot  be  judged  but  from  it  may  bo  estimated 
that  of  the  country  at  large.  Most  of  tho  influences  which 
are  at  work  in  European  countries  and  which  causo  illegiti- 
macy to  be  more  or  less  a burden  to  the  State  are,  in  India, 
absent ; it  is  unlikely  that  for  many  years  yet  to  come, 
Indian  statistics  will  show  one  class  of  births  apart  from  the 
other. 

Male  birth-rate  higher  than  female  rate. — It  is  a 

matter  of  general  observation  that  there  are  more  males  born 
than  females,  and  tho  proportion  in  Madras  ranges  between 
109  and  102‘6  * of  the  former  to  100  of  the  latter.  In  Great 
Britain  it  is  103*7  to  100.  The  mean  for  Europo  is  106  to 
100,  but  it  seldom  falls  below  105  to  100. 

Effects  of  seasons  [on  birth-rates. — The  seasons 
have  considerable  effect  on  the  birth-rate ; in  England,  the 
birth-rato  is  higher  during  the  first  three  months  of  the 
calendar  year  than  in  the  latter  portion  of  the  year.  In 
Madras  City  (it  is  regretted  that  India  cannot  be  spoken 
of  generally)  the  highest  birth-rates  occur  amongst  Hindus, 
Native  Christians  and  Eurasians  between  July  and  October 
and  part  of  November,  and  represent  conceptions  taking 
place  in  the  months  of  November,  December,  January  and 
February,  or  in  the  Tamil  months  Kartikai,  Margali,  Tai 
and  Masi,  the  latter  being  the  favourable  and  lucky  months 
for  marriage.  These  periods  are  not  so  marked  among 
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Native  Christians  and  Eurasians  as  among  Hindus  generally, 
but  their  births  show  the  same  tendency  to  fluctuation,  race 
customs  (so  says  L)r.  R.  E.  JDavis,  late  Health  Officer  of 
Madras)  having  left  an  impress  that  neither  change  of 
religion  nor  infusion  of  foreign  blood  can  entirely  eradicate. 
The  yearly  maxima  and  minima  periods  in  regard  to  Mahom- 
medan  births  exhibit  no  fixed  period. 

Still-births,  though  not  registered  in  the  United 
Kingdom,  are  so  in  India ; it  is  believed  that  in  England 
the  proportion  is  about  4 per  cent,  of  all  the  births.  The 
ratio  of  still-births  to  1 ,000  births  in  Madras  in  1890  was 
30  per  1,000  or  1 in  33  ; this  is  about  1*3  per  1,000  of  the 
total  population.  The  number  of  still-births  is  greatest 
among  the  Mahomedan  population,  where  the  rate  at  the 
same  date  was  37  per  1,000  births  and  T5  still-births  per 
1,000  of  population. 

The  death-rate  is  contingent  on  very  many  causes, 
such  as  place,  climate,  condition,  sex,  age,  age  distribution, 
sex  distribution,  scarcity,  famine,  pestilence  and  war. 

Mortality  of  males  as  compared  with  females. — 

The  mortality  of  males  is  usually  higher  than  that  of 
females  ; in  England,  about  103  males  to  each  100  females. 
It  must  not  be  forgotten  that  the  female  population  is  larger 
than  the  male  population ; having  regard  to  this  fact,  it  has 
been  calculated  that  out  of  equal  numbers  of  each,  about 
112  males  die  in  proportion  to  100  females.  The  mean 
result  over  the  whole  life  is  in  favour  of  female  life. 

The  mean  duration  of  life  is  the  expectation  of  life 
at  birth  ; at  any  other  age  it  is  the  expectation  of  life  at  that 
age  (as  taken  from  a life  table)  and  added  to  the  age  (Parkes). 
It  is  perhaps  better  described  by  Dr.  Farr,  who  says,  it  is  the 
mean  time  which  a number  of  persons  at  any  instant  of  age 
will  live  after  that  instant. 

The  probable  duration  of  life  is  the  age  at  which  a 
given  number  of  children  bom  simultaneously  will  be  reduced 
to  one-half  the  number. 

• 

The  expectation  of  life  is  the  true  test  of  the  health 
of  the  people.  Life  tables  showing  such  expectation,  (on 
these  tables  Assurance  Companies  depend  in  fixing  their 
premiums,  accepting  life  risks,  &c.)  are  framed  in  two  ways, 

(1)  by  a comparison  of  the  d eaths  and  of  the  living  at  each 
age,  which  gives  the  rates  of  mortality  and  survivorship, 

(2) _  from  deaths  alone  or  with  reference  only  to  the  ages  at 
which  the  deaths  take  place.  The  former  is  the  more  correot 
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method.  The  expectation  of  life  in  England,  as  given  in 
the  following  table,  is  by  Parkes;  the  fignros  referring  to 
native  life  are  taken  from  the  tables  computed  for  Madras 
by  Messers.  Stokes  and  Stuart. 


Expectation  of  Life  or  Mean  Life  time  from  the  Ages  in  column  1. 


Ago. 

Europeans. 
In  England 
(Parkes). 

Native  life. 

Madras  Presidency 
(Stokes),  1881. 

Madras  City 
(Stuart),  1891. 

1 

2 

3 

4 

5 

6 

7 

— 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

O ... 

39-91 

41-85 

28-72 

29-52 

24-40 

24-66 

1 ... 

4065 

47-31 

33-91 

3413 

33-51 

32-30 

2 ... 

48-83 

49-40 

3517 

3519 

3700 

3504 

3 ... 

49-61 

50-20 

35-77 

3571 

38-46 

36-28 

4 ... 

49-81 

50-43 

3609 

3606 

39-32 

36-87 

5 ... 

49-71 

50-33 

36-20 

36-22 

39-68 

37-06 

10  ... 

4705 

47-67 

34-23 

34-50 

38-02 

35-55 

20  ... 

39  48 

40-29 

2736 

28-33 

31-90 

30-40 

30  ... 

32-76 

33-81 

21-76 

23-37 

2603 

25-84 

40  ... 

2606 

27-34 

16-64 

18-30 

20-14 

20-76 

50  ... 

19-54 

20  75 

11-96 

1309 

14-48 

1501 

70  .. 

8-45 

902 

8-48 

8-46 

9-77 

9-66 

80  ... 

4-93 

5-26 

715 

673 

6 37 

5-31 

90  .. 

2-84 

3-01 

4-93 

4-33 

3-61 

2-76 

100  ... 

1-68 

1-76 

1-76 

1-69 

1-76 

1-50 

Expectation  of  native  life  lower  than  that  of 
European  life. — It  will  be  observed  how  much  lower  is  the 
mean  expectation  of  life  in  India  as  compared  with  European 
life  in  England,  except  after  the  age  70,  when  the  expecta- 
tion is  higher ; this  latter  fact  may  bo  due  to  the  compara- 
tively small  number  of  natives  living  after  that  age,  and 
their  numbers  not  affording  a sufficiently  accurate  basis  of 
calculation.  The  general  results  are  nevertheless  very  strik- 
ing, and  show  by  how  much  the  life  of  man  in  this  Presi- 
dency may  be  lengthened  when  complete  systems  and  proper 
methods  of  sanitation  become  the  rule  and  not  the  exception. 

Formula  for  calculating  expectation  of  Euro- 
pean life. — A formula  based  on  European  life  tables  for 
determining  the  expectancy  of  European  life  at  any  age  ( n ) 
is : — 

n — | (80  — n) 

or,  suppose  the  present  ag6  40,  then 

n = \ (80  — 40)  = 26  years. 

ft 
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For  native  lives  the  formula  is  not  applicable. 


From  the  life  tables,  out  of  each  100  children  born  in 

Madras  City. 

England.  , \ 

Males.  Females, 

15 

die  in  the  first  year 

29  26 

5 

die  in  the  second  year 

12  10 

3 

die  in  the  third  year 

6 4 

2 

die  in  the  fourth  year 

3 3 

1 

26 

die  in  the  fifth  year 

2-5  2-5 

52-5  45-5 

The  density  of  population,  that  is,  the  proportionate 

number  of  persons  per  square  mile  or  per  acre,  has  a material 
effect  on  the  death-rate.  In  the  more  densely-populated 
places  the  death-rate  is  comparatively  higher.  Of  all  the 
influences,  however,  which  affect  the  death-rate,  none  are 
more  powerful  than  sanitary  arrangements,  and,  as  pointed 
out  in  the  introductory  chapter  of  this  work,  it  is  these 
which  must  be  improved  to  lower  the  death-rate. 

Population,  specific  and  absolute.— -The  number 

of  the  inhabitants  of  a district,  country,  or  town  may  be 
expressed  in  two  ways,  first , as  the  numerical  total  of  the 
individuals ; secondly,  as  so  many  persons  to  a unit  of  area, 
as  an.  acre,  square  mile,  &c.  The  latter  is  called  the  specific 
population,  the  former  the  absolute  population.  It  has 
been  pointed  out . how  intimate  are  the  relations  between 
public  health  and  density  of  population.  An  increase  of 
population  depends  on  an  excess  of  births  over  deaths  and 
emigration ; it  is  more  or  less  rapid  according  to  the  pros- 
perity of  a community. 

Laws  of  Malthus  in  regard  to  increase  of  popu- 
lation.— Malthus,  a philosopher,  who  wrote  towards  the 
close  of  the  last  century,  enunciated  the  following  doctrines : 
(1)  that  population  cannot  increase  without  means  of  subsist- 
ence, (2)  that  the  population  invariably  increases  where  such 
means  exist,  (3)  that  the  superior  power  of  population  cannot 
be  checked  without  misery  or  vice  and  that  population  is  in- 
creasing in  a geometrical  progression  and  subsistence  only  in 
an  arithmetical  progression.  He  also  stated  the  population 
doubles  itself  if  unchecked  in  a period  of  25  years.  These 
latter  statements  are  incorrect ; Malthus  omitted  to  take  into 
account  that,  at  child-bearing  ages,  a large  proportion  of  the 
population  is  unmarried  and  virtuous,  The  birth-rate  ip 
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England  is  30  per  1,000,  the  death-rate  19  per  1,000,  so  that 
the  population  doubles  itself  in  03  years  only,  but  money  at 
o per  cent,  compound  interest  will  double  itself  in  24  years. 
Malthus  also  lost  sight  of  the  fact  that  besides  the  natural 
produce  of  the  earth,  tliero  is  the  produce  created  by  human 
industry.  His  insistence  that  the  increase  of  mankind  is  the 
chief  source  of  misery  and  that  repression  of  population  is 
necessary  for  human  happiness  is  of  serious  import  to  the 
sanitarian,  for  it  would  lead  to  a relaxation  of  those  efforts 
now  being  made  to  improve  public  health.  An  increased 
mortality,  in  no  manner,  means  decreased  population,  for  the 
fact  is  that  a high  mortality  is  almost  invariably  accompaniod 
by  an  increased  birth-rate.  War,  famine  and  pestilence  are 
checks  on  increase  of  population,  but  only  temporarily  so  and 
very  often  these  very  checks  are  the  causes  of  very  rapid  after 
increases  of  the  population. 

Variation  of  specific  population. — The  specific  popu- 
lation varies  much  in  different  countries;  in  Belgium  445, 
United  Kingdom  259,  Italy  243,  Germany  196  per  square 
mile.  In  towms,  the  ‘ specific  population  ’ is  more  particularly 
called,  the  density ; the  following  towns  show  a ‘ density’  per 
acre  as  follows  : — 


London  . . 
Glasgow  . , 
Dublin 
Edinburgh 


45-10 

100-40 

31-30 

47-80 


Birmingham  . . 43-00 

Madras  ..  27  00 

Bombay  . . 55-00 

Calcutta  ..  111*70 


These  figures  are,  however,  very  misleading,  as,  for  in- 
stance, in  all  large  towns  there  are  immense  spaces  without 
any  inhabitants  upon  them,  and  the  density  of  the  remaining 
inhabited  portions  of  the  town  is  therefore  much  increased. 

Madras,  for  instance,  has  in  some  parts  of  it  a density  of 
310  per  acre,  or  between  eleven  and  twelve  times  the  average 
density  of  the  city.  To  such  spots  should  great  attention  bo 
directed.  A high  death-rate  and  a high  density  are  usually 
concurrent  facts. 


DETAILS  OE  CENSUS  OPERATIONS  IN  MADRAS,  1800-91. 

(Mr.  R.  E.  Ellis , Engineer , Madras  Municipal  Commission.) 

The  first  steps  in  the  arrangements  for  carrying  out  the 
census  consisted  in  dividing  the  divisional  map  into  blocks, 
each  block  containing  from  60  to  500  houses.  These  blocks 
were  then  outlined  on  the  map  with  five  different  colours  and 
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so  arranged  that  no  two  blocks  coloured  alike  came  next  to 
each  other. 

The  maps  were  then  given  to  overseers  with  the  following 
instructions  : — - 

The  eight  divisional  maps  of  Madras  have  been  divided 
into  blocks,  containing  about  60  houses  as  far  as  could  be 
judged. 

Each  block  has  been  outlined  with  a distinctive  colour,  and 
for  the  purpose  five  colours  have  been  used — black,  brown, 
yellow,  blue  and  green.  It  will  be  noticed  that  no  two  blocks 
of  the  same  colour  are  together. 

For  painting  the  figures  stencil  plates  have  been  cut  in 
tin,  each  figure  being  2|  inches  long,  and  for  painting  the 
back  ground,  which  is  to  be  a disc,  6 inches  diameter,  stencil 
plates  have  also  been  provided. 

Each  overseer  is  to  employ  as  many  painters  as  he  can 
manage  and  he  will  observe  the  following  rules  : — 

The  back-ground  disc,  for  the  numbers  in  each  block,  is  to 
be  the  same  colour  as  the  block  on  the  map. 

The  figures  are  to  be  red. 

The  overseer  is  to  take  a painter  round  a block  com- 
mencing at  a corner  in  a main  street  and  is  to  keep  to  the 
right.  Each  square  or  collection  of  houses  is  to  be  gone 
through  in  this  way  until  that  block  is  finished.  The  painter 
must  have  only  the  one  colour  which  belongs  to  that  block, 
and  the  overseer  must  show  the  painter  the  whole  block  and 
must  see  that  he  has  the  proper  colour.  Having  shown  the 
painter  his  work,  the  overseer  can  leave  him  to  paint,  and 
show  another  painter  over  another  block. 

The  numbers  for  each  block  should  commence  at  1 and 
be  continued  consecutively  until  the  block  is  finished.  In 
some  districts  there  may  be  200  or  300  houses  in  a block. 

In  case  there  is  more  than  one  entrance  to  a house,  the 
second  entrance  is  to  be  marked  with  a x . In  case  of  a 
godown  or  shop  attached  to  a house  and  under  the  same  roof, 
but  with  no  entrance  from  inside,  the  godown  or  shop  is  to 
have  a separate  number. 

If  the  end  of  a pial  is  covered  in  and  has  no  entrance  from 
within,  it  is  to  have  a separate  number ; occupied  godowns 
in  European  compounds  are  to  have  a separate  number. 

Each  overseer  will  probably  be  able  to  manage  four  or 
five  painters,  as  those  who  are  painting  discs  one  day  will 
fie  numbering  the  next. 
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Each  overseer  will  have  one  clerk,  who  will  follow  the 
painter  and  will  ascertain  (1)  the  number  of  houses  in  each 
block,  (2)  the  number  of  people  in  each  house  approxi- 
mately, (3)  the  most  suitable  place  to  sub-divide  a block. 

Old  census  numbers  are  to  be  scored  out.  The  painters 
will  be  paid  at  the  rate  of  1 pie  for  each  disc  and  1 pie  for 
each  figure. 

The  work  was  commenced  on  the  1st  of  August  1890  and 
was  finished  on  the  31st  of  October  1890. 

As  most  of  the  blocks  thus  coloured  on  the  map  contained 
more  than  60  houses,  it  was  necessary  to  sub-divide  them  ; 
a clerk  on  Rs.  15  a month  was  told  off  to  each  division  to 
assist  the  overseer  in  dividing  the  blocks  up  to  as  to  contain 
about  60  houses  ; care  was  taken  to  arrange  that  each  new 
block  commenced  and  ended  at  a corner  of  a street  where  it 
was  possible. 

A number  was  then  given  to  each  block  and  this  was 
written  on  the  map. 

The  division  was  then  dividod  into  circles,  each  circlo 
containing  about  10  blocks.  The  circles  were  then  numbered 
and  written  on  the  map.  Thero  were  1,287  blocks  and  113 
circles. 

The  next  operation  was  the  preparation  of  a register  of 
houses  (see  appendix  A).  Five  forms  were  bound  together 
in  a book  with  a thick  card  board  back  so  as  to  give  support 
to  the  pages  and  enable  the  clerks  to  get  through  their  writ- 
ing quickly  ; one  book  was  allotted  to  each  block ; on  the 
first  page  of  each  of  thoso  books  was  written  division,  circlo 
number,  block  number,  house  number  to  house  number. 

These  building  list  books  were  distributed  to  the  eight 
overseers  to  write  on  the  cover  of  each  book  the  names  of  the 
streets  which  formed  the  boundary  of  the  block  to  which  the 
book  referred. 

% 

Seventy-two  clerks  and  overseers  in  municipal  employ 
and  the  eight  clerks  above  referred  to  were  then  told  off 
to  prepare  these  lists,  As.  12  being  allowed  to  the  municipal 
clerks  for  each  book,  and  the  subsequent  work  which  it 
entailed.  These  men  were  afterwards  appointed  supervisors. 

The  chief  points  that  required  attention  in  preparing  this 
list  were — 

(1)  to  enter  the  name  of  the  head  of  each  family, 

(2)  to  note  if  the  building  is  thatched,  tiled  or 

terraced, 
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(3)  to  note  if  any  of  the  census  numbers  have  been 
washed  out,  disfigured,  or  if  any  houses  have 
been  omitted  or  numbered  twice.  When  the 
building  lists  were  all  finished  (9th  J anuary 
1891),  a list  showing  the  number  of  inhabited 
houses  was  made  out,  so  that  a more  accurate 
estimate  of  the  schedules  required  might  be 
made.. 

It  was  originally  intended  that  the  clerks  in  the  Govern- 
ment employ  should  assist  in  the  preliminary  as  well  as  the 
final  census,  but  this  idea  was  afterwards  abandoned  and 
their  services  were  only  availed  of  for  the  final  census. 

In  order  to  take  the  preliminary  census,  it  was  necessary 
to  employ  enumerators,  and  the  supervisors  selected  249 
enumerators  for  the  preliminary  census.  This  was  com- 
menced on  the  23rd  January  and  was  finished  on  the  14th 
February.  * 

On  the  14  th  February  the  overseers  were  given  the  ab- 
stracts and  were  told  to  prepare  the  circle  list  allotting  to 
each  Government  clerk,  whose  services  have  been  lent,  the 
block  nearest  to  the  street  in  which  he  lived  (see  appendix 
B).  When  it  happened  that  there  were  not  sufficient  clerks 
for  the  blocks  of  one  division,  they  were  drawn  from  a division 
that  had  a surplus.  Having  allotted  one  block  to  each  of  the 
Government  clerks,  it  was  found  that  126  more  were  wanted 
for  the  first  division  for  the  final  census.  Each  supervisor 
from  among  applicants  selected  eight  or  ten  enumerators 
according  to  the  additional  number  required  for  the  blocks 
in  his  circle. 

The  next  step  was  to  instruct  the  enumerators  in  their 
duties  at  the  final  census,  and  for  this  purpose  they  were 
told  to  assemble  at  five  separate  places. 

Each  Government  clerk  was  advised  of  the  place  he  was 
to  go  by  a notice  which  was  filled  up  by  the  overseers  and 
forwarded  to  the  heads  of  departments  in  a covering  letter  ; 
at  the  same  time  the  clerk  was  asked  to  sign  a receipt  for 
As.  4 which  was  to  be  given  him  on  the  25th  February  for 
providing  a light. 

The  circle  lists  were  printed  between  the  21st  and  24th 
February,  seven  copies  of  each  being  struck  off  at  a cost  of 
Us.  333-12-0.  Several  of  the  Government  offices  sent  in 
alterations  and  substitutes  at  the  last  moment,  which  caused 
a good  deal  of  inconvenience,  as  the  substitutes  did  not  always 
live  in  the  same  district  as  the  original  nominee- 
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Appendix  C is  a copy  of  the  instructions  given  for  the 
final  census.  Eaoli  charge  superintendent  and  supervisor 
were  also  provided  with  the  4 Manual  of  Instructions.’ 

The  staff  employed  in  the  preliminary  oonsus  consisted 
of — 

8 charge  superintendents, 

8 assistant  charge  superintendents,  viz.,  the  over- 
seers, 

72  supervisors,  and 
249  paid  enumerators. 

The  preliminary  record  was  very  carefully  compiled. 

In  the  final  census  the  staff  employed  comprised — 

8 charge  superintendents, 

8 assistant  charge  superintendents, 

72  supervisors,  and 

1,465  enumerators,  418  8f  whom  were  paid,  974  were 
officials  and  73  municipal  employes. 

The  paid  enumerators  were  drawn  principally  from 
clerks  out  of  employ  and  students. 

The  system  of  employing  Gfovernment  clerks  for  final 
census  was  very  satisfactory  on  the  whole.  There  was  practi- 
cally no  difficulty  in  these  officials  finding  the  houses  in  the 
block  to  which  they  were  allotted.  The  system  of  numbering 
the  houses  assisted  them  greatly  in  this  respect.  In  a few 
instances  the  numbers  were  obliterated,  but  these  were  readily 
traced  from  the  numbers  of  the  neighbouring  doors.  Tho 
numbering  was  finished  four  months  before  the  final  census, 
which  gave  ample  time  for  obtaining  the  necessary  infor- 
mation for  the  preliminary  census,  and  it  is  not  advisable 
that  this  period  be  restricted  to  any  great  extent  on  future 
occasions. 

The  following  is  a list  of  schedules  used  : — 

184  books  of  50. 

636  do.  30. 

836  do.  20. 

235  do.  10. 

Fifteen  thousand  and  two  hundred  house-holders’  schedules 
were  issued  from  the  office,  but  there  is  no  record  of  tho 
quantity  used.  Very  few  native  house-holders’  schedules 
were  issued,  and  they  might  be  dispensed  with  on  a future 
occasion,'  It  is  strongly  recommended  that  house-holders’ 
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schedules  be  used  in  future  for  the  preliminary  census  only 
and  returned  to  the  enumerators  seven  days  before  the  final 
census,  except  in  the  cases  of  jails,  hospitals,  hotels  and  clubs. 
On  the  evening  of  the  final  census  the  house-holders’  schedules 
can  be  corrected  by  the  enumerators  where  any  change  had 
taken  place. 

The  final  census  was  commenced  at  8 p.m.  on  the  26th 
February  and  nearly  all  the  work  was  finished  by  midnight, 
though  there  were  some  exceptions.  From  personal  obser- 
vation of  the  work  of  enumerators  during  the  night  and 
from  the  reports  of  the  charge  superintendents,  there  is  no 
doubt  that  the  work  was  systematically  and  conscientiously 
performed. 

In  accordance  with  circular  (appendix  C) , the  supervisors 
assembled  at  the  Census  office  at  4 p.m.  on  the  27th  and 
re-assembled  on  the  28th  February  to  complete  the  circle 
and  charge  abstract.  These  wfire  finished  at  5 p.m.  on  that 
day  : the  enumerators’  books  were  left  at  the  Census  office 
and  officially  handed  over  on  the  24th  March. 

Appendix  D is  an  estimate  of  the  census  expenses, 
which  was  forwarded  to  the  Superintendent  of  Census  Oper- 
ations on  the  12th  May  1890  and  the  actuals  up  to  date. 

Travellers  by  road  were  taken  by  the  police  at  the  toll- 
gates.  Persons  found  sleeping  under  the  trees  were  also 
enumerated  by  that  agency.  Within  military  limits  the 
military  authorities  compiled  the  census  returns.  The 
census  of  Buckingham  Canal  was  taken  by  the  Executive 
Engineer.  The  census  of  jails,  hospitals  and  hotels  were 
taken  by  those  in  charge. 

The  definition  of  a house  was  laid  down  in  circular 
No.  dated  Ootacamund,  28th  April  1890.  A house  is  a 
dwelling  place  of  one  or  more  families  with  their  servants, 
having  a separate  principal  entrance  from  the  common  way. 
In  carrying  out  this  definition,  houses  were  numbered  which 
were  omitted  on  previous  occasions ; hence  the  increase  in 
the  number  of  houses  is  due  to  the  definition  more  than  to 
actual  increase  of  dwellings.  The  increase  in  population  too 
may  be  due  in  some  measure  to  the  system  adopted  in 
carrying  out  the  census. 
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Appendix  A. 


Madras  City. 
Division  No. 


Census,  1890-91. 


Block  No. 


Colour. 
Circle  No. 


Street. 

Houses. 

Name  of 
prinoipal 
occupant. 

Remarks. 

Serial 

num- 

ber. 

Descrip- 

tions. 

House, 
terraced, 
tiled  or 
thatched. 

Other 

remarks. 

House, 
shop  or 
temple. 

s 


Census,  1890-91. 

Madras  City.  Circle  List.  Division  No. 
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Kemarks. 

Total. 

1 

•sSuipjtuq 
aaqjo  jo  jeqmn^j 

•sesnoq 

jo  aaqran^j 

•qoojq  oqj  roj 
sqooq  ^JOj'BJtetn 
-nue  jo  aaqmn^j; 

Enumerators. 

Occupation  or 

office. 

/ 

Name. 

•qootq 

jo  joquxnjsj 

•jequma  uois;aiq 

Name  and 
occupa- 
tion of 
supervisor. 

uoqranu  opaiQ 

•jaquinu  ©Sj'BqQ 
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Appendix  C. 

To 

The  Charge  Superintendent. 

Sir, 

Please  arrange  for  the  supervisors  and  enumerators  of  your 
charge  to  be  present  at 
at  7 a.m.  on  the  25th  instant. 

All  schedules  should  be  arranged  in  order  and  tied  up  in 
circles.  Please  see  that  this  is  done  and  that  they  are  taken  to 
the  above-named  place  in  good  time. 

At  7 a.m.  on  the  25th,  you  will  call  up,  circle  by  circle,  the 
supervisors  and  enumerators  of  each  circle  of  the 
division. 

To  each  supervisor  should  be  given  the  circle  list  and  the 
appointment  orders  for  the  enumerators  of  the  circle. 

To  each  enumerator  should  also  be  given  As.  4 for  a light 
for  which  a receipt  should  be  obtained  by  you. 

The  supervisor  and  the  paid  enumerator  should  be  instructed 
to  go  and  show  the  new  enumerators  their  blocks  and  the  nature 
of  their  work. 

The  supervisor  must  name  a place  of  meeting  his  enumera- 
tors on  the  26th  at  7 p.m.,  and  must  inform  you  and  his  enu- 
merators of  this  in  writing  on  the  25th  morning. 

The  supervisor  will  muster  the  enumerators  on  the  26th  at 
7 p.m.  at  the  place  arranged  and  will  distribute  to  each  1 bottle 
of  red  ink,  1 pen-holder  and  loose  schedules  and  tickets  for 
enumerating  houseless  poor  found  sleeping  on  pials  and  in 
verandahs. 

The  supervisor  will,  before  that  date,  obtain  from  the  office 
sufficient  bottles,  ink,  pens,  holders,  50  schedules  and  200 
tickets. 

Enumerators  should  be  instructed  to  call  for  house-holders’ 
schedules  at  7 a.m.  on  the  27th  where  they  have  been  left. 

Enumerators  should  be  instructed  to  take  on  a spare  schedule 
the  census  of  houseless  poor  found  sleeping  in  verandahs  and 
on  pials.  No  entry  need  be  made  as  to  number  of  house  or 
street  in  which  they  are  found.  The  schedules  must  be  pinned 
with  the  house-holders’  schedules  to  the  book. 

At  10  a.m.  on  the  27th,  the  supervisor  should  muster  the 
enumerators  at  the  place  where  they  met  the  night  before,  and 
each  enumerator  should  prepare  an  abstract. 

After  these  have  been  checked,  the  unpaid  enumerators  may 
be  dispensed  with. 
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The  supervisors  must  then  prepare  a circle  abstract  with  the 
help  of  the  paid  enumerators. 

When  this  is  finished,  the  supervisor  and  paid  enumerators 
should  go  at  about  4 p.m.  to  the  Census  office  in  White’s  Road, 
where  they  will  arrange  themselves  in  groups  according  to  their 
divisions. 

You  are  requested  to  see  that  you  have  all  the  circle  lists 
and  sufficient  money  in  4-anna  pieces  for  distribution. 

You  are  requested  to  be  at  the  Census  office  at  4 p.m.  on  the 
27th. 

In  cases  where  one  supervisor  has  two  circles,  the  enumera- 
tors may  be  called  up  together,  but  a separate  abstract  must  be 
prepared  for  each  circle. 


Appendix  D. 

Statement  of  Expenditure  on  Census  Operations  in  1890-91. 


Head  of  account. 

Amount  of 

Amount  of 

estimate. 

expenditure. 

RS. 

A. 

p. 

RS. 

A. 

p. 

House-numbering 

3,000 

0 

0 

2,228 

5 

10 

Lights,  red  ink,  &c. 

500 

0 

0 

444 

0 

0 

Petty  stationery,  &c. 

1,500 

0 

0 

951 

9 

8 

Remuneration  for  non-officials  ... 

8,500 

0 

0 

6,279 

3 

11 

Total  ... 

13,500 

0 

0 

9,903 

3 

5 

Note, — The  area  of  Madras  is  27’29  square  miles. 

The  population  according  to  census  of  1891  is  452,518. 
The  number  of  houses,  60,103. 
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VA  COIN  ATI  ON. 

Historical  sketch  of  small-pox  epidemics. — Tho 

date  usually  assigned  for  tho  first  appearanco  of  small-pox  is 
A.D.  568,  when  the  disease  broke  out  among  the  Abyssinian 
Christians,  who  were  besieging  the  city  of  Mecca  in  Arabia. 
The  ravages  caused  by  the  disease  among  the  besiegers  resulted 
in  their  sudden  retreat  from  the  city.  Though  tho  year 
A.D.  568  is  universally  admitted  to  have  been  tho  year  in 
which  small-pox  can  first  be  clearly  recognised  as  the  disease 
of  the  present  day,  yet  it  is  probable  that  it  has  existed  from 
the  earliost  times.  Philo,  an  Alexandrian  Jew,  of  the  first 
century,  in  his  book  on  the  life  of  Moses,  describes  the  plague 
of  c boils/  which  was  inflicted  on  the  Egyptians  as  an  erup- 
tion covering  tho  whole  body,  and  not  confined  to  the  glands 
like  true  oriontal  plague ; in  addition  to  tho  eruption  being 
described  as  equally  distributed  over  the  whole  body,  tho 
account  of  it  given  by  Philo  has  another  and  still  moro 
characteristic  resemblance  to  small-pox — “ the  eruptions  aro 
purulent  pustules,  assuming  most  generally  a confluent 
character.” 

By  the  ancient  Grecian  and  Roman  historians  there  is 
frequent  mention  of  a disease  which  bears  a close  resemblanco 
to  small-pox.  Thucydides,  in  his  history  of  the  Peloponne- 
sian war,  describes  an  eruptive  diseaso  in  which  the  skin  was 
somewhat  red  and  covered  with  small  pustules  and  blotches, 
and  the  eyes  inflamed  and  running  with  water.  Heroditus 
describes  a similar  diseaso  which  prevailed  about  the  same 
time  in  the  army  of  Artaxerxes,  and  Livy  records  ten  out- 
breaks of  epidemics  common  to  men  and  cattle  between  tho 
years  B.C.  464  and  B.C.  178. 

It  would  be  impossible  within  the  limits  of  this  chapter 
to  give  instances  of  all  the  recorded  epidemic  outbreaks  of 
disease  bearing  a strong  resemblance  to  the  small-pox  of 
the  present  day,  which  have  occurred  both  in  Asia  and  on 
the  continent  of  Europo  during  the  last  1800  years;  thero 
is  sufficient  evidence  to  show  that  in  numerous  cases  tho 
disease  was  of  a varioloid  character,  and  that  in  somo  instances 
it  was  common  to  man  and  cattle. 
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Discovery  of  vaccination. — In  the  year  1775,  Dr. 
Jenner,  a physician  practising  in  Berkely,  Gloucestershire, 
noticed  that  milk  maids  who  had  suffered  from  a particular 
kind  of  sore  on  the  hands,  which  they  affirmed  had  been 
contracted  by  milking  cows  with  similar  sores  on  the  teats 
enj  oyed  a complete  immunity  from  small-pox,  which  was  then 
very  prevalent  in  the  neighbourhood. 

Identity  of  cow-pox  with  small-pox. — Further  in- 
vestigation on  this  subject  convinced  Dr.  Jenner  that,  not  only 
did  those  who  had  contracted  sores  from  infected  cows  enjoy 
an  immunity  from  small-pox,  but  that  the  actual  inoculation 
of  the  small-pox  virus  failed  to  communicate  the  disease  to 
them.  On  this  observation  ho  founded  his  theory  that  the 
disease  common  amongst  cattle  and  known  as  cow-pox  was 
identically  the  same  disease  as  that  which  was  known  as  small- 
pox in  man. 

Vaccine  pustules  the  result  of  inoculation  with 
matter  from  cow. — To  test  the  correctness  of  this  theory 
he  inoculated  the  human  subject  with  matter  from  the  pus- 
tules on  the  teats  of  the  cow,  the  result  being  that  vaccine 
pustules  appeared.  Some  months  after  the  vaccine  pustules 
had  run  their  course,  he  inoculated  those  persons  who  had 
been  the  subject  of  them  with  small-pox  virus  ; but  in  every 
case  he  failed  to  communicate  the  disease  to  those  who  had 
already  been  vaccinated. 

By  frequently  repeated  observations  he  convinced  himself 
of  the  utility  of  vaccination  from  the  sores  on  cow’s  teats  as  a 
preventive  against  small-pox.  To  complete  the  utility  of  his 
discovery,  one  tiling  more  was  wantiug  that  the  matter  taken 
from  a vaccine  pustule  would  convey  the  same  immunity  as 
the  virus  from  the  cow  : this  he  proved  to  be  true  by  ropeated 
observation. 

Object  of  vaccination. — The'object  of  vaccination  is  to 
protect  the  system  from  a harmful  disease  by  introducing 
into  it,  through  the  medium  of  a specific  virus,  a disease 
vaccinia,  in  itsolf  harmless,  but  which  conveys  immunity  from 
small-pox  to  those  who  have  been  the  subject  of  it. 

Vaccinia  may  be  described  as  an  eruptive  disease,  the 
eruption  not  being  general,  but  confined  to  the  locality  where 
the  virus  has  been  inserted. 

Operation  of  vaccination.— The  operation  of  vaccina- 
tion consists  in  the  introduction  of  vaccine  lymph  into  the 
arm  of  a healthy  subject.  There  are  various  methods  of 
performing  the  operation,  but  the  method  adopted  in  each 
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oase  depends  on  the  means  which  have  been  followed  to  pre- 
serve the  vaccine  matter.  If  the  lymph  has  been  collected  in 
capillary  tubes,  which  is  the  usual  practice  in  this  presidency, 
a number  of  minute  superficial  punctures  are  made  at  the  part 
selected  for  the  operation,  which  should  be  on  the  outside  of 
the  arm  a few  inches  from  the  shoulder,  at  a point  correspond- 
ing to  the  attachment  to  the  bone  of  the  arm  of  the  large 
muscle  which  surrounds  and  gives  shape  to  the  joint,  the  end 
is  broken  off  the  hermetically-sealed  capillary  tube  and  the 
contents  deposited  on  the  superficial  punctures. 

Another  method  of  performing  the  operation  is  to  make 
a puncture  with  a sharp  lancet  charged  with  lymph,  the 
lancet  being  introduced  obliquely  so  as  to  make  a valvular 
opening,  the  direction  of  which  should  be  from  above  down- 
wards so  as  to  permit  of  the  lymph  readily  entering ; or  the 
skin  can  be  scratched  with  a lancet  and  the  lymph  rubbed  in 
on  the  abraided  surface. 

It  is  not  necessary  for  efficient  vaccination  that  any  blood 
should  be  drawn  during  the  operation : the  surface  should 
simply  appear  reddened  and  be  moistened  by  the  exudation 
of  a small  quantity  of  serum. 

Vaccination  with  stored  lymph. — When  vaccinat- 
ing with  stored  lymph,  caution  is  necessary,  lest  it  may  have 
become  inert  through  long  koeping.  Pure  vaccine  in  capil- 
lary tubes  cannot  be  relied  upon  for  more  than  a week  in  the 
plains,  unless  kept  in  an  ice  box.  When  prepared  as  glycerine 
paste,  i.e.,  thoroughly  mixed  with  1|  times  its  weight  of  pure 
glycerine,  and  carefully  stored  in  glass  phials  or  Saigon  tubes, 
it  will  retain  its  activity  for  a week  or  ten  days,  except  in  the 
hottest  weather.  The  lanoline  vaccine  introduced  by  Surgeon- 
Major  King  (now  Sanitary  Commissioner  of  Madras)  in 
1890,  is  said  to  retain  its  activity  for  much  longer  periods. 
This  preparation  is  a mixture  of  pure  vaccine  with  anhydrous 
lanoline,  the  usual  strength  being  1 to  7.  It  can  bo  relied 
upon  up  to  21  days.  The  best  results,  however,  are  undoubt- 
edly obtained  from  direct  calf-to-arm  vaccination. 

Arm-tO-arm  vaccination. — Arm-to-arm  vaccination  is 
preferable  in  many  respects  to  vaccination  with  stored  lymph, 
but  great  care  should  bo  taken  in  the  selection  of  cases  from 
which  the  lymph  is  procured.  As  a rule,  it  should  never  bo 
taken  from  cases  of  re-vaccination,  but  always  from  fine 
healthy  children,  born  of  healthy  parents  who  have  no  taint 
of  syphilitic  or  other  hereditary  disease.  The  greatest  pos- 
sible care  should  invariably  be  exercised  in  taking  vaccine 
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mattor  from  tko  arm  of  an  infant  to  secure  the  absence  of  any 
admixture  of  blood* 


Number  of  vesicles  produced. — The  greater  the 

number  of  vaccine  vesicles  produced  in  any  case,  the  more 
certain  and  complete  is  the  immunity  from  small-pox  which 
will  be  enjoyed  by  the  person  operated  on.  The  following 
table  from  statistics  of  the  London  Small-pox  Hospital  shows 
the  relationship  : — 


Cases  of  small-pox 

Unvaccinated 
Vaccinated  but  no  mark 
One  mark 
Two  marks 
Three  marks  . . 

Four  or  more  . . 


Number  of 
deaths  per  cent. 
35£ 

21f 

7i 

* 2 

If 

3 

4 


Typical  vaccine  cicatrix. — In  every  case  of  vaccin- 
ation there  should  be  at  least  six  inoculations,  three  on  each 
arm,  and  the  resulting  cicatrixes  should  present  the  following 
appearances : circular  in  shape  of  a paler  colour  than  the 
surrounding  skin,  the  surface  covered  with  little  depressions 
or  pits,  radiated,  and  with  a well-defined  edge.  An  indiffe- 
rent cicatrix,  the  result  of  inefficient  vaccination,  is  indistinct 
with  no  well-defined  edge,  the  surface  is  smooth  without  depres- 
sions or  pits. 

Vaccination  in  the  city  of  Madras  is  chiefly  carried  out 
with  matter  taken  from  the  heifer  direct  on  the  fifth  day  after 
inoculation.  The  vaccine  matter  is  taken  from  the  vesicles 
and  either  directly  introduced  into  the  subject  to  be  vac- 
cinated, or  collected  for  future  use  in  capillary  tubes  which 
should  bo  hermetically  sealed  at  both  ends.  This  is  unques- 
tionably the  best  and  most  satisfactory  method. 

Age  at  which  children  should  be  vaccinated. — 

Vaccination  ought  to  bo  performed  when  children  are  from 
two  to  four  months’  old ; the  limit  fixed  in  Madras  is  six 
months,  and  porsons  failing  to  have  their  children  vaccinated 
within  that  limit  aro  liable  to  prosecution.  It  is  most  import- 
ant that  childron  who  are  to  be  vaccinated  should  be  in  a good 
state  of  health  at  the  time  ; they  should  be  free  from  skin 
affections  and  all  acute  diseases,  such  as  diarrhoea.  If  small- 
pox is  opidemic,  or  even  prevalent,  in  the  neighbourhood, 
vaccination  should  be  performed  at  a much  earlier  date  than 


* Jn  the  Madras  Presidency  the  use  of  the  human  lymph  has  been 
prohibited  by  G.O.,  No.  2128  L.,  dated  8rd  September  1891,  L.  and  M. 
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two  months  : it  is  better  to  perform  the  operation  immediately 
after  birth  than  to  run  the  ris.k  of  contracting  small-pox  by 
delay. 

Course  and  appearances  of  vaccine  vesicle. — 

The  operation  itself  is  not  of  a formidable  character  and  is 
rarely  followed  by  any  but  the  slightest  constitutional  disturb- 
ance. At  the  end  of  the  second  or  beginning  of  the  third  day 
small  papular  elevations  are  visible  over  the  points  of  inocula- 
tion with  slight  redness  around  ; the  elevation  and  redness 
gradually  increase,  and  by  the  fifth  or  sixth  day  distinct  vesi- 
cles form.  These  vesicles  are  round  or  oval,  bluish  white, 
raised  at  the  margin,  and  depressed  at  the  centre.  On  the 
seventh  day  an  inflamed  areola  forms  round  the  vesicle,  which 
continues  to  enlarge  during  the  eighth  day,  when  it  is  in  its 
most  perfect  state,  being  full,  tense,  rounded,  and  much  raised 
at  the  margin,  and  of  a pearly  white  colour.  The  areola  con- 
tinues to  enlarge  for  a couple  of  days,  reaching  a diameter  of 
from  one  to  three  inches,  accompanied  with  considerable 
induration  and  swelling.  On  the  tenth  day  it  begins  to  fade 
and  at  the  same  time  the  contents  of  the  vesicle  become 
opaque,  while  it  gradually  dries  up  and  becomes  brown  in 
the  centre.  By  the  fifteenth  day  a reddish  brown  scab  is 
formed,  which  darkens  in  colour,  shrivels  up,  and  finally  falls 
off  on  the  twenty-first  or  twenty-second  day. 

In  young  children  there  is  generally  some  slight  consti- 
tutional disturbance  after  vaccination,  the  child  becomes 
restless  and  fretful  and  suffers  from  diarrhoea  : these  symp- 
toms do  not  always  come  on  at  once,  but  generally  about  the 
ninth  day,  when  the  vesicle  is  changing  in  appearance  and 
becoming  clouded ; at  this  time  the  temperature  often  goes 
up,  and  in  some  cases  reaches  as  high  as  103°  Fah. 

Re-vaccination. — As  the  protective  influence  of  vaccina- 
tion wears  awav  with  the  lapse  of  time,  it  is  now  generally 
recommended  that  re-vaccination  should  be  performed  about 
the  age  of  1 2 years.  The  operation  differs  in  no  way  from 
that  of  primary  vaccination,  but  the  course,  in  successful  cases, 
is  generally  more  rapid,  and  the  constitutional  symptoms 
more  severe,  probably  owing  to  the  age  of  the  patient  and  the 
greater  difficulty  of  preserving  the  vesicles  from  injury  both 
during  and  after  maturation. 

Protective  influence  of  vaccination. — There  can 
be  no  doubt  that  vaccination,  when  satisfactorily  performed, 
is  a preventive  against  small-pox,  by  it  small-pox  has  practi- 
cally disappeared  from  England  where  strict  compulsory  vacci- 
nation laws  are  in  operation  ; and  here  in  India,  where  great 
prejudices  against  it  exist  both  on  religious  grounds  and  from 
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distrust  in  it,  wherever  it  has  been  possible  to  carry  out 
vaccination  efficiently  the  immunity  from  small-pox  has 
been  most  marked.  In  native  regiments,  where  every  sepoy 
is  vaccinated  after  enlistment  and  where  ever}7  infant  born 
in  the  lineB  is  vaccinated,  small-pox  outbreaks  are  almost 
unknown. 

During  the  very  severe  epidemic  which  occurred  in 
Madras  in  the  year  1884,  the  mortality  from  the  disease 
amongst  the  men,  women,  and  children  of  the  regiments  then 
stationed  at  Perambur  and  R&yapuram  was  only  ‘45  per 
1,000  as  compared  with  a mortality  of  10- 1 per  1,000  amongst 
the  civil  population. 

To  be  protective  vesicles  should  present  certain 
definite  appearances. — Vaccination  to  be  surely  protective 
against  small-pox  must  be  properly  performed  and  the  result- 
ing vesicle  must  run  a certain  course  and  present  certain 
definite  appearances.  These  have  been  described  already. 
When  these  appearances  of  the  vesicle  have  been  manifested 
after  vaccination,  it  may  be  pretty  confidently  asserted  that 
the  operation  has  been  successful.  Great  care,  however,  should 
be  taken  to  see  that  these  conditions  are  fulfilled,  and  that  no 
case  of  vaccination  is  returned  as  successful  which  is  not  so 
really. 

Dangers  of  inefficient  vaccination. — When  children 
or  adults,  who  are  supposed  to  have  been  protected  by  vacci- 
nation, but  who  have  really  never  been  so,  catch  the  disease 
and  possibly  die  from  it,  distrust  in  vaccination  as  a pre- 
ventive against  small-pox  is  sure  to  arise  amongst  the  imme- 
diate friends  and  relatives  of  the  person  attacked,  and  in  this 
way  one  single  case  of  inefficient  vaccination  may  be  the 
means  of  propagating  opposition  to,  and  prejudice  against,  it 
far  and  wide. 

Method  of  collecting  lymph. — The  best  method  of 
carrying  on  vaccination  is  by  using  lymph  direct  from  the 
calf,  or,  failing  tliis,  from  the  arm  of  a healthy  infant ; but 
if  it  is  necessary  to  collect  and  store  the  lymph  in  capillary 
tubes,  the  following  plan  should  be  adopted.  The  vesicle 
selected  should  be  carefully  ruptured,  eare  being  taken  that 
no  blood  becomes  mixed  with  the  contents,  and  when  sufficient 
lymph  has  exuded,  one  end  of  the  capillary  tube  should  be 
inserted  into  it  until  a sufficient  quantity  lias  risen  to  fill 
one-half  of  it.  When  charged,  the  tubes  should  be  hermet- 
ically sealed  by  melting  the  ends  in  the  flame  of  a candle ; 
the  contents  of  the  tube  must  be  kept  away  from  the  flame  as 
much  as  possible,  as  the  effect  of  heat  on  lymph  is  to  render 
it  opaque,  and  in  this  condition  its  protective  influence  is 


VACCINATION. 


143 


impaired.  The  ends  of  the  tubes  can  be  closed  by  inserting 
them  in  melted  sealing  wax. 

Arguments  against  vaccination. — Some  people 
deny  the  efficacy  of  vaccination  as  a preventive  against  small- 
pox, and  some  go  further  and  assert  that  it  is  positively  hurt- 
ful : they  say  that  by  it  hereditary  or  acquired  constitutional 
disease  has  been  propagated  and  that  from  it,  in  some  cases, 
the  very  disease,  which  it  was  adopted  to  provont  has  resulted. 
It  is  necessary,  therefore,  to  say  a few  words  in  refutation  of 
the  views  of  the  “ anti-vaccination7’  party. 

Arguments  in  favour  of  vaccination. — Before  the 
introduction  of  vaccination  the  annual  small-pox  mortality  in 
England  was  at  tho  rate  of  3,000  per  million  of  population, 
with  tho  present  population  this  would  amount  to  126,000 
per  annum.  In  the  year  1871,  vaccination  had  for  many 
years  been  recognized  by  the  vast  majority  of  pooplo  who  were 
capable  of  forming  an  opinion  on  tho  subject  as  an  undoubted 
preventive  against  small-pox  ; but  the  Compulsory  Vaccin- 
ation Act  did  not  then  exist,  and  individuals  were  not  com- 
pelled by  law  to  have  either  themselves  or  their  children 
vaccinated. 

In  1871  there  was  a severe  epidemic  of  small-pox  in  the 
United  Kingdom.  Dr.  Farr,  Registrar- General  of  England, 
writing  of  this  epidemic,  says  : “ Tho  year  1871  is  memor- 
able for  an  epidemic  of  small-pox  which  ravaged  several  parts 
of  tho  kingdom  in  a way  of  which  there  has  been  no  example 
since  the  year  1838,  when  the  deaths  by  small-pox  were 
16,268. 

“In  the  24  consecutive  yoars  that  ended  in  1871  the 
annual  deaths  by  this  disease  ranged  from  1,320  to  7,684  in 
1864,  the  latter  number  they  never  exceeded  till  1871  when 
the  deaths  ran  up  to  23,126.”  Assuming  the  population  of 
the  United  Kingdom  to  have  beon  36,000,000  in  1871,  this 
gives  a mortality  from  small-pox  during  that  year  at  642 
per  million  of  population  compared  with  the  3,000  ordinary 
annual  death-rate  bofore  vaccination  was  introduced.  It 
must  be  remembered  that  1871  was  an  exceptional  year. 
Excluding  epidemic  influence  the  ratio  of  deaths  per  million 
of  population  would,  of  course,  be  much  smaller  ; but  1871  has 
been  purposely  quoted  in  order  to  prove  that  tho  death-rate 
in  a year  of  an  exceptionally  severe  outbreak  of  disease  since 
the  introduction  of  vaccination,  but  before  it  was  made  com- 
pulsory, compares  most  favourably  with  the  annual  average 
mortality  before  vaccination  was  introduced. 
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Effect  of  vaccination  on  mortality  of  those 
attacked. — Vaccination  has  had  a beneficial  effect  not  only 
in  reducing  the  number  of  cases  of  small-pox,  but  it  has  con- 
siderably diminished  the  mortality  of  those  attacked,  the 
mortality  amongst  the  unvaccinated  being  much  greater  than 
amongst  those  who  have  been  protected  by  vaccination,  as  is 
clearly  shown  from  the  following  table  taken  from  the  Cork 
Street  Hospital  report  on  small-pox  : — 


Hospitals. 

Mortality  per  cent. 

Vaccinated. 

Unvaccinated. 

General. 

Cork  street  ... 

108 

71-8 

21-6 

Hardwicke  ... 

11-2 

78-57 

20-0 

Cork  ... 

6-5 

580 

225 

London  small-pox  ... 

14-9 

66-2 

18-8 

Hampstead  ... 

11-4 

512 

19-36 

Homerton  ... 

5-9 

377 

16-3 

The  mortality  from  the  disease  is  thus  shown  to  have 
varied  amongst  those  who  had  been  vaccinated  from  5 '5  per 
cent,  in  the  Cork  Hospital  to  149  in  the  London  Small-pox 
Hospital,  and  amongst  the  unvaccinated  from  37 ’7  in  the 
Homerton  Hospital  to  78’5  in  the  Hardwicke  Hospital. 

During  an  epidemic  in  Oldham  in  1893,  the  percentages 
of  deaths  were  3' 6 among  the  vaccinated  and  27‘6  amongst 
the  unvaccinated.  In  another  in  Birmingham  in  1894  among 
the  vaccinated  4-4  and  unvaccinated  33’5. 

These  figures  should  convince  the  most  sceptical  of  the 
advantages  of  vaccination  as  a preventive  against  small-pox. 
They  are  capable  of  but  one  explanation,  namely,  that  those 
people  whoso  systems  had  been  previously  subjected  to  the 
influence  of  the  vaccine  disease  presented  a less  favourable 
resting  place  for  the  small-pox  contagion  when  brought  in 
contact  with  it  than  those  who  had  not  been  vaccinated. 

Effect  of  vaccination  on  the  type  of  the  disease. — 

In  addition  to  diminishing  the  number  of  persons  attacked 
by  small- pox  and  lowering  the  mortality  of  those  attacked,  vac- 
cination appears  to  exert  another  and  very  important  influence, 
that  of  altering  the  type  of  the  disease.  There  are  three 
important  varieties  of  small-pox  : — 

(a)  Discrete. — -The  most  mild  variety  ; in  it  the  pocks 
are  distinct  and  do  not  run  into  each  other  though 
they  may  touch. 
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( b ) Confluent.— - A much  severer  type  in  which  the  erup- 

tion is  very  abundant  and  the  pocks  run  into  each 
other. 

(c)  Malignant. — The  most  dangerous  variety,  almost 

invariably  fatal  amongst  the  un vaccinated. 

Experience  teaches  that  by  far  the  greatest  number  of 
cases  of  small-pox  which  occurs  among  those  who  have  been 
vaccinated  is  of  the  discrete  variety,  and  that  next  in  order 
of  frequency  comes  confluent,  while  cases  of  a malignant 
character  aro  very  rare,  and  when  thoy  do  occur  may  be  safely 
attributed  to  some  constitutional  peculiarity.  The  following 
table  is  instructive  and  gives  support  to  the  opinion  that  the 
type  of  the  disease  is  modified  by  efficient  vaccination.  It  is 
taken  from  the  Cork  Street  Hospital  report : — 


— 

Discrete. 

Confluent. 

Malignant. 

Total. 

Total. 

Died. 

Per  cent, 
mortality. 

Total. 

Died. 

Per  cent, 
mortality. 

Total. 

T5 

O 

5 

Per  cent, 
mortality. 

Total. 

Died. 

Per  cent, 
mortality. 

Vaccinated... 

443 

1 

02 

143 

46 

322 

25 

18 

720 

611 

65 

10'8 

U n vaccinated 

17 

6 

351 

94 

67 

71-2 

24 

24 

100 -o 

135 

97 

71-8 

Total  ... 

460 

7 

353 

237 

113 

476 

49 

42 

CD 

CTI 

•i 

746 

162 

21-6 

Per  cent,  vac- 

cinated  in 

each  class. 

96-3 

60-4 

51-9 

81-8 

The  mortality  amongst  the  vaccinated  in  the  discrete 
variety  was  practically  nothing,  but  amongst  the  unvacci- 
nated ^ in  this  class,  35T  per  cent  died.  In  the  confluent 
variety  the  deaths  amongst  the  unvaccinated  was  7 1 -2  per  cent., 
while  amongst  the  vaccinated,  it  was  only  32*2  per  cent., 
almost  the  same  as  the  percentage  of  mortality  among  the 
unvaccinated  in  the  discrete  variety.  The  mortality  amongst 
the  unvaccinated  in  the  malignant  variety  was  100  per  cent., 
amongst  the  vaccinated  72'0,  or  practically  the  same  as  the 
mortality  among  the  unvaccinated  in  the  confluent  variety. 
The  effect  of  vaccination  appears  to  have  been,  in  the  cases 
recorded  in  the  above  table,  to  reduce  the  mortality  of  confluent 
cases  to  that  of  discrete  unvaccinated,  and  that  of  malignant 
to  the  mortality  of  confluent  unvaccinated  cases. 
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The  object  aimed  at  in  the  foregoing  remarks,  has  been 
to  prove  that  tho  arguments  in  favour  of  vaccination  as  a pre- 
ventive against  and  modifier  of  small -pox  are  very  strong, 
provided  the  operation  has  been  properly  performed  and  good 
lymph  employed.  Since  the  introduction  of  compulsory  vacci- 
nation in  Madras  in  1884,  the  deaths  from  small-pox  ha\e 
shown  an  enormous  falling  off  as  the  following  table  shows  . 


Years. 

Deaths. 

1875 

196 

1876 

409 

1877 

* 

1878 

'.  ! 447 

1879 

910 

1880 

869 

1881 

..  1,654 

1882 

355 

1883 

..  1,957 

1884-5 

927 

Years. 

Deaths. 

1885-6 

16 

1886-7 

1 

1887 

13 

1888 

36 

1889 

45 

1890 

78 

1891 

66 

1892 

27 

1893 

20 

1894 

12 

A community  can  only  be  considered  as  efficiently  pro- 
tected from  small-pox  when  the  number  of  cases  of  successful 
vaccination  approximate  very  closely  with  the  birth-rate. 

Madras  Bye-laws. — The  byo-laws  at  present  in  force 
for  carrying  out  compulsory  vaccination  in  Madras  are  as 
follows  : — 

1.  In  these  bye-laws  : 

Parent  means  the  father  or  mother  of  a legitimate  child 
and  the  mother  of  an  illegitimate  child. 

Guardian  means  any  person  to  whom  the  care,  nurture  or 
custody  of  any  child  falls  by  law  or  by  natural  right 
or  recognized  usage,  or  who  has  accepted  or  assumed 
the  care,  nurture  or  custody  of  any  child,  or  to  whom 
the  care  or  custody  of  any  child  has  been  entrusted  by 
any  lawful  authority. 

Qualified  medical  practitioner  means  a person  holding  a 
diploma  which  entitles  him  to  practise  as  a Surgeon 
or  Physician  in  the  Queen’s  dominions  and  also  Hono- 
rary, Assistant,  Native,  and  Sub-Assistant  Surgeons, 
Licentiates  of  Medicine,  Apothecaries  and  Hospital 
Assistants. 

Vaccinator  includes  qualified  medical  practitioners,  vacci- 
nators employed  by  the  Municipal  Commissioners,  and 
persons  who  hold  the  written  permission  of  the  Presi- 
dent to  vaccinate  within  the  city. 


* Omitted  as  extraordinary. 
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Child  means  a boy  under  twelve  years  of  age  or  a girl 
under  ten  years  of  age. 

Protected  child  means  a child  that  lias  had  small-pox, 
or  is  certified  to  have  been  successfully  vaccinated,  or 
is  certified  to  be  insusceptible  of  vaccination. 

Unprotected  child  means  a child  that  has  not  had  small- 
pox and  is  not  certified  to  have  been  successfully  vacci- 
nated, or  to  be  insusceptiblo  of  vaccination. 

Depot  means  a place  or  building  where, by  direction  of 
the  Municipal  Commissioners,  public  gratuitous  vacci- 
nation is  performed. 

2.  If  the  President  is  satisfied  that  any  pirson  is  competent 
to  vaccinate,  the  President  may  grant  to  such  person  permission 
in  writing  to  vaccinate  within  the  city.  The  President  may  at 
his  discretion  revoke  such  permission. 

3.  If  any  unprotected  child  or  the  parent  or  guardian  of  such 
child  is  a female  who,  according  to  the  customs  of  the  country, 
does  not  appear  in  public,  the  President  or  Health  Officer,  or  any 
person  authorized  by  the  President  in  that  behalf,  shall  direct  a 
female  vaccinator  to  visit  the  house  of  such  parent  or  guardian 
and  there  deal  with  the  child  as  if  it  had  been  brought  to  a 
depot  and  submitted  for  vaccination. 

4.  A vaccinator  is  competent  to  grant  a certificate  that  a 
child  is  iu  a state  unfit  for  vaccination,  but  such  certificate  shall 
be  valid  only  for  a period  of  three  months  from  the  date  thereof. 

5.  If  any  parent  or  guardian,  in  cases  which  do  not  fall  under 
bye-law  3,  is  desirous  that  a child  should  be  vaccinated  in  his 
house,  he  may  send  an  application  to  the  President  or  Health 
Officer  accompanied  by  a fee  of  eight  annas  for  the  vaccinator. 
If  more  than  one  child  is  to  be  presented  for  vaccination  in  the 
house,  it  should  be  so  stated  in  the  application,  and  an  additional 
fee  of  two  annas  must  be  paid  for  each  child  after  the  first  child 
to  be  vaccinated.  If  tube  lymph  is  desired,  four  annas  for  each 
child  to  be  vaccinated  must  be  paid.  If  arm-to-arm  vaccination 
is  desired,  a fee  of  eight  annas  and  four  annas  for  every  mile 
of  distance  travelled  by  the  subject  must  be  paid.  On  receipt 
of  such  application  with  the  prescribed  fees,  the  President  shall 
send  a vaccinator  to  the  house. 

6.  A vaccinator  who  has  vaccinated  a child  and  who  has 
satisfied  himself  that  the  vaccination  is  successful,  shall  give  to 
the  parent  or  guardian  of  the  child  a certificate  that  the  child 
has  been  successfully  vaccinated. 

7.  If  a vaccinator  is  of  opinion  that  a child,  which  has  been 
three  times  unsuccessfully  vaccinated,  is  insusceptible  of  vac- 
cination, he  shall  give  to  the  parent  or  guardian  of  the  child  a 
certificate  to  that  effect. 

8.  The  parent  or  guardian  of  any  unprotected  child  which  is 
more  than  six  months  old,  and  which  has  resided  within  the  city 
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for  two  months  shall  obtain  the  vaccination  of  the  child  under 
bye-law  5,  or  shall  take  the  child  to  a depot  and  submit  it  for 
vaccination,  unless  the  parent  or  guardian  holds  a valid  certifi- 
cate that  the  child  is  in  a state  unfit  for  vaccination,  or  unless 
the  case  falls  under  bye-law  3. 

9.  When  a child  is  brought  to  the  depot  for  vaccination,  the 
vaccinator  shall,  if  he  finds  that  the  child  is  in  a state  unfit  for 
vaccination,  deliver  to  the  parent  or  guardian  a certificate  to 
that  effect.  When  the  certificate  is  no  longer  valid,  the  parent 
or  guardian  shall  again  take  the  child  to  the  depot  and  submit 
it  for  vaccination,  unless  he  shall  have  in  the  mean  time  obtained 
a certificate  under  bye-law  5 or  6. 

10.  When  a child  is  brought  to  the  depot  for  vaccination,  the 
vaccinator  shall,  if  he  finds  the  child  to  be  in  a state  fit  to 
undergo  vaccination,  vaccinate  the  child  and  deliver  to  its  parent 
or  guardian  a memorandum  stating  the  date  on  which  the  vaccin- 
ation has  been  performed  and  the  date  on  which  the  child  is  to 
be  inspected  in  order  to  ascertain  the  result  of  the  operation. 

11.  When  a child  has  been  vaccinated  under  the  last  pre- 
ceding bye-law,  a vaccinator  from  the  depot  shall,  on  or  after 
the  date  of  inspection  stated  in  the  memorandum,  proceed  to  the 
house  of  the  parent  or  guardian.  The  parent  or  guardian  of 
the  child  shall  produce  the  child  for  inspection  when  required  to 
do  so  under  this  bye-law  by  a vaccinator  between  the  hours  of 
six  of  the  clock  before  noon  and  six  of  the  clock  after  noon.  The 
vaccinator  shall  inspect  the  child,  and,  if  the  vaccinator  is  of 
opinion  that  the  vaccination  has  been  successful,  he  shall  give 
to  the  parent  or  guardian  of  the  child  a certificate  to  that  effect. 
If  the  vaccinator  is  of  opinion  that  the  vaccination  has  been 
unsuccessful,  the  parent  or  guardian  shall  obtain  a certificate 
under  bye-law  5 or  7,  or  shall  again  take  the  child  to  the  depot 
and  submit  it  for  vaccination. 

12.  The  President  may  cancel  any  certificate  given  under 
these  bye-laws  if  it  be  proved  to  his  satisfaction  that  such  certifi- 
cate, has  been  improperly  given  or  obtained,  aud  thereupon  such 
certificate  shall  no  longer  be  valid. 

13.  Every  parent  or  guardian  who  procures  the  vaccination 
of  any  child  by  a private  practitioner  or  other  authorized  vacci- 
nator shall  forward  the  certificate  of  successful  vaccination  to 
the  President  or  Health  Officer  within  twenty- one  days  from  the 
date  on  which  it  is  granted. 

14.  The  President  or  Health  Officer  or  any  person  authorized 
by  the  President  in  that  behalf,  if  he  has  reason  to  belive  that 
there  is  an  unprotected  child  in  any  house,  may  call  upon  any 
occupant  of  the  house  or  any  parent  or  guardian  of  any  child 
in  the  house  there  to  produce  for  inspection  the  children  under 
his  care  and  to  state  the  age,  parentage,  and  place  of  birth  and 
registration  of  each  child  so  far  as  is  known  to  him. 
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Any  occupant,  parent,  or  guardian,  so  called  upon,  who,  with- 
out reasonable  excuse,  refuses  to  produce  for  inspection  any 
child  in  his  care,  or  to  state  the  age,  parentage,  and  place  of 
birth  and  registration  of  any  child  in  his  care,  shall  be  liable,  on 
conviction  before  a Magistrate,  to  a fine  not  exceeding  twenty 
rupees. 

15.  No  fee  shall  be  charged  by  a vaccinator  at  a depot  or  by 
a vaccinator  inspecting  a child  under  bye-law  11  or  by  a female 
vaccinator  sent  to  a house  under  bye-law  3 for  vaccinating  a 
child  or  for  granting  a certificate. 

16.  A vaccinator  who,  by  a careless  operation  or  by  the  use 
of  lymph  which  he  has  reason  to  believe  is  impure,  injures  the 
health  of  a child  : 

A vaccinator  who  refuses  to  give  a certificate  as  required 
by  bye-laws  6 and  7 : 

A parent  or  guardian  who  refuses  to  submit  a child  for 
vaccination  or  for  inspection  after  vaccination  to  a 
female  vaccinator  sent  to  the  house  under  bye-law  3 : 

A parent  or  guardian  of  an  unprotected  child  who  omits 
to  obtain  the  vaccination  of  the  child  under  bye-law  5 
or  to  take  it  to  a depot  and  submit  it  for  vaccination  as 
directed  by  bye-law  8 : 

A parent  or  guardian  who  omits  to  again  take  a child  to 
the  depot  and  submit  it  for  vaccination  as  directed  in 
bye-law  9 : 

A parent  or  guardian  who  omits  to  produce  a child  for 
inspection  as  directed  in  bye-law  1 1 : 

A parent  or  guardian  who  omits  to  forward  a certificate 
as  required  by  bye-law  13  : 

shall  be  liable,  on  conviction  before  a Magistrate,  to  a fine  nob 
exceeding  twenty  rupees. 

17.  A parent  or  guardian,  who,  after  couviction  under  bye- 
law 16,  continues  for  one  month  his  refusal  or  omission,  may 
again  be  convicted  before  a Magistrate  and  shall  again  be  liable 
to  a fine  not  exceeding  twenty  rupees. 
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ROADS,  AVENUES  AND  STREET  LIGHTING. 

(1)  ROADS. 

Materials  used  in  construction. — In  India,  metalled 
roads  are  ordinarily  constructed  of  granite  (so  called),  trap, 
laterite,  or  broken  brick. 

Roads  should  be  raised  above  natural  surface. — 

In  forming  new  roads  the  formation  level,  that  is  the  surface 
of  the  embankment  before  it  is  metalled,  ought  to  be  raised 
well  above  the  surrounding  ground,  and  sufficient  waterways 
and  culverts  must  be  provided  to  allow  any  cross  drainage  to 
follow  its  natural  course.  Side  ditches  should  be  formed  to 
catch  the  water  flowing  from  the  road  ; these  should  be  graded 
towards  the  natural  cross  channels.  If  the  sub-soil  be  wet 
or  spongy,  it  must  be  brought  into  a hard  condition.  All 
embankments  ought  to  be  rolled  or  well  dumped  with  heavy 
beetles. 

Telford’s  and  MacAdam’s  methods  of  forming 
road  surfaces. — The  proper  manner  of  metalling  a road 
is  a matter  of  some  diversity  of  opinion  for,  according  to 
MacAdam  (from  whose  name  is  derived  “ macadamising  ”), 
all  that  is  required  is  a proper  formation  of  the  bank  on  which 
the  broken  metal  can  be  laid  to  a depth  of  6 to  10  inches, 
while  Telford  advocated  the  laying  of  large  boulders  as  a 
foundation  for  the  metal.  Neither  of  these  Engineers  used 
any  binding  material  in  forming  their  roads  ; but  in  India 
the  use  of  binding  material  is  universal.  The  necessity  for 
this  is  due  to  the  irregularity  of  the  rainfall,  for,  whereas  in 
England,  the  rain  falls  more  or  less  throughout  the  year, 
here  in  India  intervals  of  from  three  to  six  months  without 
any  rainfall,  are  constantly  experienced,  so  that  if  some  bind- 
ing material  were  not  used  the  roads  would  get  rapidly  dry 
and  break  up. 

Amount  of  binding  material  dependent  on  rain- 
fall. — The  amount  of  binding  material  necessary  for  a road 
depends,  to  some  extent,  on  the  distribution  of  the  rainfall 
throughout  the  year,  more  material  being  used  where  there 
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are  long  periods  without  rain  than  in  those  places  where  the 
fall  is  more  frequent.  The  proper  proportion  of  binding 
material  is  one  that  is  not  easily  fixed  ; if  there  is  a large 
proportion  there  may  be  a good  road  in  the  dry  season  which 
will  be  extremely  muddy  and  soft  in  the  wet  season  ; on  the 
other  hand,  if  too  little  binding  material  is  used  tho  road 
may  break  up  in  dry  weather,  though  a sufficient  quantity 
of  rain  may  render  it  an  admirable  road. 

Quality  and  size  of  metal.  — Macadamised  roads 
(which  description  now  includes  all  broken  stone  roads, 
whether  mixed  with  gravel  or  not)  should  be  formed,  accord- 
ing to  MacAdam,  of  hard,  tough  and  durable  granite  whin- 
stone  trap  rock  or  compact  limestone ; the  stones  should  be 
broken  until  they  roughly  approximate  to  a cubical  shape 
not  exceeding  six  ounces  in  weight,  which,  on  an  average, 
will  give  a cubical  stone  Tb  inches  in  length  on  each  angle. 

Stone-breaking  machines. — Blake’s  stone-breaking 
machine  with  the  expenditure  of  one-horse  power  for  each 
cubic  yard  per  hour,  will  break  stones  into  cubes  1|  inches 
in  length  on  each  side. 

Conditions  laid  down  for  supply  of  metal  in 

Madras. — It  is  usual  to  require  that  the  stone  be  broken,  so 
that  it  shall  pass  through  a screen  having  meshes  of  one  and 
one-half  inches,  and  that  not  more  than  20  per  cent,  of  the 
stone  shall  pass  through  a screen  with  meshes  of  three- fourths 
of  an  inch.  The  amount  of  binding  material,  i.c.,  gravel 
used  with  granite  for  roads  is  from  one-third  to  one-fourth 
the  quantity  of  granite. 

Thickness  of  metal  to  be  laid  on  at  one  time. — 

No  road  ought  to  be  laid  down  in  layers  of  a greater  thick- 
ness than  four  inches  at  one  time.  This  thickness  ought 
always  to  be  consolidated  by  beating,  ramming  or  rolling, 
before  an  additional  layer  is  put  on. 

Method  of  effecting  repairs. — A road  ought  to  bo 
thoroughly  repaired  by  loosening  the  surface  all  over  with 
a crowbar  or  pick  and  then  spreading  uniformly  over  it  the 
first  layer  of  metal. 

Side  slopes  Of  roads. — The  side  slope  of  the  surface  of 
the  roads  ought  to  vary  wdth  the  rainfall ; if  tho  roads  will 
be  subjected  to  exceedingly  heavy  concentrated  falls,  that  is  a 
very  large  quantity  of  rain  in  a short  period,  the  side  slopes 
of  the  road  ought  not  to  be  so  great  as  in  places  where  the 
fall  of  rain  is  less  in  quantity  during  an  equal  period  of 
time,  otherwise  the  roads  would  be  cut  up  into  ruts. 
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Width  of  roads. — The  subject  of  width  and  cross 
section  of  a road  is  of  importance  ; as  regards  the  first,  a wide 
road  is  best.  It  is  an  error  to  suppose  that  the  cost  of  repair- 
ing a road  depends  entirely  on  its  extent  of  surface  and 
increases  in  the  ratio  of  its  width.  The  cost  depends  mostly 
on  the  nature  and  extent  of  the  traffic,  though,  of  course,  for 
a wide  road  the  first  cost  is  greater. 

A Slope  found  suitable  in  Madras. — The  form  of 
cross  section  to  be  given  to  a road  is  a matter  of  still  greater 
importance.  Some  persons  advocate  considerable  curvature 
in  the  upper  surface,  while  others  object  to  that  form.  One 
of  the  best  forms  of  a road  is  that  in  which  the  road  slopes  up 
to  the  centre,  the  slopes  being  united  at  the  centre  with 
radius  of  90  feet  or  above.  The  side  slopes  vary  from  1 in 
30  to  1 in  50.  A slope  of  1 in  50  has  been  found  the  best 
slope  in  Madras,  the  proper  slope  is  a matter  of  experience. 

Stone  tests. — In  order  to  test  the  fitness  of  any  stone 
for  use  as  road-metal,  the  best  way  is  to  lay  it  down  on  a 
certain  length  of  roadway  ; but  when  selecting  a stone  for 
trial  it  is  also  well  to  place  it  under  the  following  tests  : — 

(1)  Make  a trial  of  the  stone  for  toughness  which  is  best 

done  by  ascertaining  how  much  can  be  broken  by  the 
usual  labour  in  a fixed  time ; compare  this  with  the 
time  required  for  other  stone  in  use. 

(2)  Ascertain  the  power  the  stone  has  to  resist  abrasion  : 

this  may  be  done  by  holding  the  stone  against  a 
grindstone. 

(3)  Ascertain  also  the  power  required  to  crush  cubes  of  the 

stone  of  the  size  to  be  used  in  the  road. 

(4)  The  effects  of  the  weather  on  the  stone  should  also  be 

noticed,  and  this  may  be  ascertained  by  examining 
stone  which  has  for  time  been  subject  to  atmos- 
pheric infhiences. 

G-ood  road-metal  must  be  hard,  tough  and  not  easily  decom- 
posed by  the  action  of  the  weather. 

Latcnte  roads, -““Latente  roads  should  be  formed  on 
somewhat  similar  principles,  except  as  regards  the  size  of  the 
stone  used.  The  ordinary  rule  is  that  the  average  size  shall 
not  be  larger  than  what  will  pass  through  screens  having 
three-inch  meshes  ; this  would  allow  of  stones  four  inches  on 
their  longest  angle  being  used.  The  larger  pieces  of  laterite 
should  be  placed  at  the  bottom  and  the  smaller  in  the  inter- 
stices and  above.  There  is  also  a quantity  of  gravel  used  • 
the  proper  quantity  should  be  determined  from  the  character 
of  the  laterite  used,  some  classes  of  laterite  being  much  harder 
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and  less  friable  than  others,  which  are  easily  broken  and 
contain  a good  deal  of  clay. 

Size  of  laterite  used  not  very  important. — The 

size  of  the  laterite  is  not  of  very  much  importance,  because 
if  a laterite  road  be  dug  up  and  examined  a short  time  after 
it  has  been  laid  down,  it  will  be  found  that  a solid  cake  of 
laterite,  something  like  concrete,  has  been  formed,  and  that 
portions  of  the  road  removed  will  come  away  in  large  cakes 
and  not  in  nodular  masses  as  laid  down.  Sand  makes  an 
admirable  finish  to  a laterite  road,  but  should  not  bo  put  on 
thicker  than  one-fourth  to  one-half  of  an  inch  and  before  the 
road  has  thoroughly  dried. 

Laterite  roads  comparatively  inexpensive  to 
form,  expensive  to  maintain. — The  perfection  of  the 
surface  of  a laterite  road,  which  is  due  to  its  really  being  a 
conglomerate  crust,  is  no  doubt  a great  recommendation,  but 
as  its  strength  depends  on  its  retaining  a certain  amount  of 
moisture,  it  is  not  suitable  for  heavy  traffic,  and  rapidly 
breaks  up  in  periods  of  long  draught.  It  is  therefore  a 
road,  comparatively  inexpensive  to  lay  down,  but  a costly 
one  to  maintain. 

Darning  roads. — “ Darning  ” roads,  that  is,  repairing 
the  small  holes  and  inequalities  which  appear  here  and  there, 
is  a bad  practice,  but  a necessity  in  India  especially  in  regard 
to  laterite  roads.  There  is  nothing  more  difficult  than  to 
get  coolies  to  “ darn  ” well  and  neatly. 

The  following  rules  have  been  laid  down  in  the  city  of 
Madras  in  regard  to  such  repairs  (as  apart  from  reforms 
when  the  whole  road  is  broken  up  and  covered  with  ne%V 
material)  : — 

(1)  The  portion  of  the  road  to  be  repaired  is  to  be  cut  out 

in  a square  or  an  oblong,  with  straight  sides  and 
square  corners. 

(2)  One  darn  is  not  to  be  put  nearer  than  6 feet  to  another 

darn  ; if  two  repairs  are  required  so  noar  one  another 
they  must  be  made  into  one  large  repair. 

(3)  The  place  to  be  repaired  is  to  be  cut  to  a depth  of  not 

less  than  3 inches  below  the  level  of  the  road  surface. 

(4)  The  material  must  be  carefully  packed  in  with  gravel 

and  enough  water  (but  not  so  much  as  to  make  it 
into  a puddle)  and  then  rammed  down  thoroughly. 

(5)  The  top  of  the  darn,  when  finished,  must  be  level 

with  the  surface  of  the  road  ; it  must  not  be  above, 
and  it  must  not  be  below  the  original  surface  ; one 
plan  is  as  bad  as  the  other. 
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(6)  Wlieu  a large  darn  has  been  made,  the  place  must  be 

lighted  by  a lamp  at  nights. 

(7)  Each  day  the  repairs  doue  the  day  before  must  be 

examined  and  rammed  and  beaten  again,  if  necessary. 

Square  “ darns  ” last  longer  than  oval  “ darns.'’ 

— It  may  be  noticed  that  the  rules  are,  perhaps,  not  quite  in 
accordance  with  the  practice  elsewhere,  as  for  instance,  that 
the  patches  ought  to  be  square.  It  is  found,  however,  that 
the  results  are  much  better  than  if  the  coolies  are  allowed  to 
dig  out  the  road  to  any  shape  resembling  the  original  hole 
or  depression  (usually  oval),  and  that,  where  the  edges  of 
the  “darn”  are  at  right  angles  to  the  line  of  traffic  (only 
one  cart  in  a hundred  will  pass  exactly  over  the  longitudinal 
joint),  the  “ darns  ” form  less  inconvenience  and  last  longer. 

Metal  ought  not  to  vary  in  thickness. — After  the 

metal  has  been  evenly  spread  on  a road,  it  ought  to  be  of 
the  same  thickness  from  one  side  to  the  other  and  not  thicker 
at  the  centre  than  at  the  sides  over  which  portion  the  heavy 
traffic  passes  ; it  ought  to  be  well  rammed. 

Ramming'. — Ramming  should  be  done  by  heavy'  wooden 
or  iron  rammers  (about  50  lb.  weight).  The  men  ramming 
ought  to  advance  in  a line  with  each  other,  but  thev  ought 
not  to  keep  time. 

Rolling. — When  a road  has  been  thoroughly  rammed, 
rollers  ought  then  to  be  brought  into  requisition.  The 
importance  of  thoroughly  rolling  roads  after  extensive  repairs 
is  now  thoroughly  appreciated  and  a considerable  expense  is 
saved  eventually  by  systematic  rolling.  The  rollers  may  be 
stone  or  iron,  and  driven  by  manual,  bullock,  horse,  or 
steam-power.  The  road  should  be  perfectly  watered  before 
rolling,  but  not  so  as  to  make  it  too  soft,  or  the  material  will 
rise  up  in  waves  before  the  roller. 

Stone  Rollers. — btone  rollers,  about  4^  feet  in  diameter 
and  5 feet  long,  require  twenty  bullocks  to  work  them  all 
day  long,  but  a less  number  suffices  when  the  road  surface 
has  become  feomewhat  consolidated.  The  weight  of  such  a 
roller  is  about  six  tons  and  gives  224  lb.  per  inch  of  bearing 
surface. 

Iron  Rollers. — Iron  rollers  are  usually  hollow  cast-iron 
or  wrought-iron  cylinders.  The  former  can  be  loaded  by 
iron,  or  stone,  up  to  any  weight,  the  extra  weight  required 
being  added  above  the  framing.  Wrought-iron  rollers  are 
closed  cylinders  and  can  be  filled  up  with  water  from  one  end. 
These  rollers  are  preferable  to  cast-iron,  firstly,  because  of 
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tlieir  freodom  from  breakages,  and,  secondly,  because  of  the 
easy  method  by  which  their  weight  may  be  increased. 

Steam  Rollers. — Steam  rollers  are,  however,  the  best 
means  for  the  consolidation  of  a road ; these  are  somewhat  in 
the  form  of  a locomotive  engine,  the  front  roller  under  the 
smoke  box  is  about  4 feet  long,  and  covers  that  portion  of 
the  road  between  the  two  rear  rollers  which  are  each  about 
oue  foot  in  length.  These  rollers  weigh  7|,  10,  15  or  20 
tons,  and  as  they  have  a total  bearing  surface  of  about  6 

feet,  givo  a pressure  of,  respectively,  — j — 1 — ? — — 

° r r J Ox  12  6x12  6 x 12  G x 12 

tons  or  233,  311,  406,  622  lb.,  respectively,  to  the  lineal  inch 
of  bearing. 

Pressure  necessary  to  be  exerted  by  Rollers.— 

The  weight  which  is  necessary  to  properly  roll  a road, 
depends  (1 ; on  the  heaviest  weights  carried  by  a cart  wheel, 

(2)  on  the  breadth  of  that  wheel,  and  the  weight  of  a roller 
ought  not  to  be  less  than  that  which  will  give  the  same 
pressure  per  inch  as  does  the  cart  wheel.  Thus,  suppose 
that  a cart,  as  a maximum,  carries  one-half  of  a ton,  then 

the  weight  on  each  wheel  would  in  pounds  be 1 

560  lb.,  and  if  the  wheel  be  2 inches  broad  a pressure 
of  280  lb.  to  the  lineal  inch  would  be  the  result.  Rollers 
giving  less  than  this  pressure  would  not  in  such  case  be  very 
effective.  Another  fact  must  also  be  noticed,  which  is,  that 
the  larger  the  diameter  of  the  roller  the  greater  its  bearing 
surface,  the  pressure  which  is  exerted  on  the  road  is  therefore 
not  in  exact  proportion  to  the  weight  as  has  been  supposed. 

From  a large  number  of  replies  elicited  from  the  Engi- 

Sneers  of  various  towns  in  England,  it  has  been  found  that 
a ten-ton  Aveling  and  Porter’s  Roller  is  the  one  which  has 
most  to  recommend  it.  All  authorities  in  England  agree 
as  to  the  great  advantage  in  steam  rolling  and  these  may  be 
summed  up  as  follows  : — 

(1)  Economy. 

(2)  Facilities  of  perfect  construction  and  reform. 

(3)  Less  inconvenience  to  the  public. 

(4)  Comfort  to  persons  using  the  roadways. 

(5)  Great  consolidating  power. 

(6)  Possibility  of  making  roads  at  all  times  of  the  ye  nr. 

It  is  said  that  the  saving  effected  by  steam  rolling  over 
a roller  drawn  by  horses  is  30  per  cent. 

The  cost  of  rolling  varies  with  the  cost  of  fuel  and  labour 
employed. 
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In  England  the  cost  including  flag  men  and  driver  varies 
from  £0-15-6  to  £2-10-0  per  day  : the  average  is  about  £1. 

In  Madras,  Bombay  and  Calcutta  the  rates,  respectively, 
are  Rs.  21-9-0,  Rs.  40-12-6  and  Rs.  30-15-0  per  1,000 
square  yards. 

The  area  which  a steam  roller  can  consolidate  per  day 
differs  considerably  in  one  town  from  another.  In  England 
the  returns  were  (10-ton  rollers)  : — 


Birmingham 

Bournemouth 

Brighton 

Bristol 

Hull 

Leeds 

Portsmouth 
London  (Marylebone) 


1,000  square  yards  per  diem. 
1,000  to  2,000  sq.  .yds.  per  diem. 


1,600  do. 

600  to  700  do. 

700  to  1,400  do. 

1,500  (in  summer)  do. 

900  do. 

750  do. 


The  average  is  probably  about  1,000  to  1,200  square 
yards  per  diem.  Madras,  Bombay  and  Calcutta,  respectively, 
return  835,  2,327,  and  652  square  yards  as  rolled  daily,  the 
number  of  rollers  being  2,  20  and  4 respectively* 

During  the  operation  of  rolling,  it  is  necessary  to  apply 
sand  or  gravel  to  the  surface  of  the  road  after  the  lower 
layers  have  become  somewhat  consolidated.  The  stuff  should 
not  he  applied  earlier  and  about  3 yards  in  100  square  yards 
equal  to  about  1 inch  in  thickness  is  required.  This  pene- 
trates only  the  upper  interstices  and  makes  it  into  a sort  of 
cake.  The  materials  require  to  be  watered  during  rolling. 

The  cost  of  material  for  roads,  of  laying  it  down  and  of 
the  general  maintenance  of  roads  varies  considerably.  The 
cost  of  the  material  is  dependent  on  its  hardness,  its  depth 
below  ground,  its  geological  character,  the  distance  it  lias 
to  be  carted  to  the  road,  and  the  cost  of  labour ; the  lay- 
ing of  it  down  is  dependent  on  the  last  item  alone,  if  the 
material,  as  it  ought  to  have  been,  has  been  properly  broken 
and  sorted  before  delivery. 

“ Ford’s  Notes”  on  roads. — The  following  paragraphs 
regarding  road  maintenance  are  extracted  from  ‘ Ford’s  Notes’ 
on  Building  and  Road-making,  a most  useful  work,  but  one 
now  unfortunately  out  of  print,  the  last  edition  having  been 
issued  some  eighteen  years  ago.  The  system  explained  has, 
no  doubt,  been  altered  since  these  ‘ Notes  ’ were  written, 


* This  is  the  total  squares  rolled  per  annum  divided  by  the  number  of 
rollers  and  by  365. 
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especially  on  the  roads  to  which  ho  refers,  and  which  aro 
n°w  in  the  hands  of  the  Local  Fund  Boards.  It  is  thought, 
better  to  extract  the  matter  fully,  leaving  the  notes  as  they 
came  from  the  writer’s  hand.  They  may  bo  useful  in  en- 
abling a comparison  to  he  made  with  existing  system  : — 

“ Unless  the  requisite  funds  are  allowed  for  the  maintenance 
of  roads  it  is  wise  to  leave  them  alone,  for  money  expended  in 
forming  them,  if  they  are  afterwards  to  ho  neglected,  is  only 
thrown  away  : * keeping  up  a road  ’ is  a very  different  thing 
from  ‘ repairing  a road,’  though  the  two  are  often  confounded. 
])ue  attention  to  the  former  will  greatly  lessen  the  necessity  for 
the  latter.  The  former  keeps  tiro  road  always  in  good  condi- 
tion, the  latter  makes  it  so  only  occasionally,  after  intervals 
of  various  length,  during  which  it  is  continually  deteriorating  in 
a goemetrical  ratio,  so  that  the  better  the  state  in  which  a road 
is  kept,  the  less  are  the  injuries  to  it,  and,  therefore,  the  less 
is  the  expense  of  keeping  it  in  this  condition.  The  In  st  time  for 
making  repairs  to  a road  is  the  beginning  of  the  monsoon,  but  on 
roads  on  which  there  is  much  traffic,  it  will  not  do  to  defer  all 
repairs  to  that  period,  for  not  only  would  the  traffic  he  much 
impeded,  hut  the  cost  of  the  repairs  would  be  much  increased. 

“To  ‘ keep  up  a road’  an  establishment  will  he  required, 
consisting  of  some  carefully-trained  head  labourers  with  conico- 
pillaies  or  measurers  and  accountants  and  European  overseers  as 
paymasters  and  general  superintendents.  In  the  dry  weather, 
carts  and  coolieS'will  he  employed  under  the  measurers,  preparing 
and  conveying  the  material  for  the  repair  of  the  joad,  and  in 
rainy  weather  the  same  parties  will  be  engaged  in  repairing  the 
road,  turfing  the  side  slopes,  looking  after  the  avenues,  keeping 
the  side  drains  clear  and  filling  up  all  boles  in  t tie  surface  as 
soon  as  they  are  formed.  A road  sutlers  little  from  a heavy  load 
drawn  upon  it,  provided  the  surface  is  smooth  and  regular;  hut 
when  ruts  or  holes  occur,  the  wheel  sinks  into  tin  m with  all  the 
increased  momentum  of  the  fall  and  produces  an  effect  that  may 
be  compared  to  that  of  a very  heavy  hammer  falling  upon  the 
spot  ; and  thus  the  hardest  materials  soon  crush,  and  are  ground 
to  dust,  while  no  such  effect  occurs  on  the  road,  while  kept  with 
a smooth  and  even  surface.  It  is  the  duty  of  the  establishment 
to  see  that  all  rules  made  for  the  preservation  of  the  road  are 
observed;  that  no  encroachments  are  made  on  the  road  limits; 
that  carts  keep  to  their  proper  sides ; and  that  all  work  is  done 
in  accordance  with  the  general  rules  of  the  department. 

“ From  £0  to  100  rupees  a mile  will  be  required  annually  for 
the  repair  of  a road  on  which  the  traffic  does  ne  t exceed  50 
carts  a day.  After  that  number  is  passed,  it  has  been  found 
that  one  cubic  yard  of  broken  stone  per  mile  is  required  annually 
for  each  cart  that  passes  over  such  mile  daily.” 

Metal  should  be  stacked  to  a gauge. — The  metal  to 
he  used  for  repairing  roads  ought  to  be  stacked  in  uniform 
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continuous  stacks,  and  it  is  well  to  Lave  gauges  adapted  for 
this  purpose.  The  gauge  for  the  broader  roads  and  roads 
which  are  to  he  repaired  with  a greater  thickness  of  metal 
must  include  a greater  area  than  those  for  roads  of  less  width 
and  thickness  of  metal. 

Measurement  of  materials. — For  instance,  take  a 
road  20  feet  wide  which  is  to  be  relaid  with  6 inches  of 
metal ; then  for  each  foot  of  road  10  cubic  feet  of  metal  are 
required.  Now  if  the  heaps  can  he  continuous,  heaps  having 
a sectional  area  of  10  square  feet  would  be  sufficient,  but,  as 
the  heaps  can  seldom  be  put  down  continuously,  allowances 
must  be  made  for  passages  through  the  heaps.  In  towns  not 
loss  than  50  per  cent,  additional  sectional  area  may  be  re- 
quired, and  taking  this  basis  the  heaps  should  bo  15  square 
feet  in  area  which  may  be  packed  thus  : — 


TO  7*1? 
+ 'ARf.V 

.Z '/SHI 

<-  -3  * 


Thus  a heap  about  20  feet  long  will  he  sufficient  for  30  feet 

300  ; this  would  give  a passage  of  7 feet 


of  road, 


L.XR.XU. 


20X5X3 

wide  at  every  23  feet. 

Such  a mode  of  measurement  is  however  not  exactly  cor- 
rect, and  the  proper  measurement  of  such  a heap  is  thus: 


4 


23  - 


roads. 


159 


l'T. 

Centro  portion 

# • • 

17  X 2 X 3 = 102 

Sides  ...  ... 

»•  a 

2X17X3X11=153 

Knds  ...  ... 

• • • 

2X2  X 8.X  li=  18 

Corners 

... 

...  4 X 3 X 3 X 3 X l = 3(5 
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W hen  measuring-  on  the  former  plan  where  the  slopes  are 

at  an  angle  of  45°,  a quantity  represented  by  >{-  has  to  ho 

added  for  each  heap,  and  a similar  constant  quantity  may  he 
found  for  heaps  with  slopes  at.  anv  other  angle. 

If  a road  is  to  he  10  feet  broad  or  of  the  former  breadth 
hut  with  half  the  thickness  of  metal,  heaps  having  a sectional 
area  equal  to  one-half  of  those  above  referred  to  will  suffice. 

Adoption  of  standard  gauges  advisable. — The 

authorities  in  each  town  should  iix  the  dimensions  of  the 
gauges  to  he  used  for  each  breadth  and  thickness  of  metalling 
combined,  and  gauges  ought  then  to  he  prepared  in  accord- 
ance with  those  dimensions.  There  are  great  advantages  in  the 
use  of  standard  gauges  ; they  render  the  process  of  measure- 
ment easy,  the  materials  will  be  uniformly  deposited,  the  pro- 
tection against  fraud  in  regard  to  the  amount  of  material 
delivered  is  considerable,  as  the  amount  deposited  can  be 
roughly  checked  by  merely  •‘stepping”  the  lengths  of  the 
heaps  ; lastly,  the  inconvenience  to  the  public  is,  as  far  as 
possible,  minimised. 

Gauges  for  the  size  of  heap  referred  to  may  be  of  teak  of 
the  accompanying  form  clamped  at  the  angles  with  iron  and 
hound  with  brass  : — 


The  following  table  shows  the  amount,  and  average  cost 
cf  material  (granite  or  latcrite)  delivered  and  labour  used,  in 
Madras,  for  each  square  of  road  of  the  various  thicknesses  : — 
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Amount  of  material  per  square  with  various  depths  of  metal  and 
cost  per  1 00  cubic  feet. 


1 

6 inches. 

! 

5 inches. 

4 inches.  3 inches. 
1 

2 inches. 

Rate  per  100 
cubic  feet. 

Granite  .. 

! Gravel  ... 
[ Luterito ... 
j Gravel  .. 

C.  FT. 
50 
17 
50 
15 

C.  FT.  C.  FT.  C.  FT. 

41  £ 53.1  ! 25 

n"  n st 

41 1 331  25 

1 2 A i 10  7i 

C.  FT. 

131 

H 

5 

ns.  A.  P.  1 
7 8 10 
5 2 10 
7 0 10 
5 1 5 

Cost  of  material  and  labour  per  square. 


Granite 

roads. 

Laterite 

roads. 

V) 

o * 
•-  T- 
JZjZ 

Cost  of 
granite 
per 

squ.n  e. 

Cost  of 
gravel 
per 

square. 

Labour  1 Total 
per  i cost  per 
square,  square. 

Cost  of 
laterite 
per 

square. 

Cost  of 
gravel 
per 

square. 

1 

Labour 

per 

square. 

r> 

US.  A.  P. 
3 12  5 

US.  A.  P. 
O 14  1 

j 

RS.A.P.  US.  A.  P. 
II  (J  2 o II  8 

US.  A.  V. 
3 8 5 

US.  A.  P. 
0 12  3 

KS.  A.  P. 
0 (J  0 

“) 

3 2 4 

mi  7 

(1  5 2 4 3 1 

2 14  8 

II  111  2 

ii  r>  I 

4 

2 S 3 

O {)  1 

0 4 3 3 5 7 

2 ">  7 

<)  8 2 

ll  4 2 

b 

ins 

0 7 0 

0 3 4 2 8 7 

1 12  2 

a (i  i 

II  3 3 

•) 

1 4 2 

0 4 7 

0 2 5 in  2 

i 

12  8 

0 4 1 

(1  2 4 

Total 
cost  per 
squa  re. 


its.  A.  P. 

4 1(1  S | 
3 13  11 
3 1 11 
2 5 0 
1 11  1 


Carting  from  the  material  depots  to  the  roads  costs,  in 
addition  to  the  above,  about  Its.  1-6-0  per  1 00  cubic  feet 
per  mile. 

(2)  AVENUES. 

Use  of  avenues. — Some  difference  of  opinion  exists  as 
to  whether  trees  overhanging  a road  are  detrimental  or  bene- 
ficial to  it.  It  is  not  necessary  to  consider  the  question 
whether  thoy  are  or  are  not ; the  comfort  derived  by  tra- 
vellers and  passengers  from  a well-planted  avenue  which 
thoroughly  shades  a road  must  give  way  to  all  considerations 
in  regard  to  the  “ life  ' of  the  road.  Shielding  road  surfaces 
from  the  baking  action  of  the  sun  and  thus  retarding  evapo- 
ration does,  it  is  believed,  add  to  the  ‘;life”  of  the  roads, 
and  en  passant , it  may  be  remarked  that  belts  of  trees  have 
a considerable  protective  influence  against  malaria. 

Planting. — In  planting  trees  by  the  sides  of  roads,  a 
good-sized  pit  (say  about  4 feet  cube)  should  be  formed,  the 
proper  time  for  doing  this  being  the  hot  season;  the  earth 
removed  should  then  be  sifted,  mixed  with  manure  and 
replaced  ready  for  the  planting  which  should  bo  effected 


shortly  before  the  rains.  Leaf  mould  kept  in  a pit  until 
desiccated  is  a good  substitute  for  manure. 

When  the  tree  is  planted  a mound  ought  to  die  raised 
round  it  a foot  cr  a foot  and-a-half  high,  an  entrance  being 
left  for  the  water  from  the  road. 

Protection  of  trees. — The  trees  should  be  protected  by 
fencing.  A most  effective  fencing  is  bamboo  thorns  tied  on 
to  stakes  of  some  jungle  or  other  cheap  wood,  the  enclosure 
should  be  kept  free  from  grass  weeds,  &o.,  which  are  apt  to 
elioke  the  voting  trees. 

Nature  of  trees  required. — What  are  required  in  an 
avenue  are  primarily  shade  trees;  some  of  those  bear  fruit 
and  may  thus  become  a source  of  revenue.  In  forming  a new 
avenue,  it  is  well  to  plant  quick-growing  shade  trees  alter- 
nately with  trees  which,  though  superior,  take  a longer  time 
to  come  to  maturity ; rain  trees  for  instance  may  he  planted 
alternately  with  tamarind  or  banian  trees. 

The  following  is  a list  of  some  trees  suitable  for  road 
avenues : — 


Ficus  indica  (banian).  j Slow  growing,  hut  giving 
lie  us  religiosa  (peopul).  J good  shade. 

Tamarind  us  indica  (tanui- 1 Good  shade ; fairly  good 
rind).  J wood,  slow  growing. 

Margosa  (neem)  . . . . A hardy  quick-growing 

tree. 


Tectonn  grand  is  teak) 

Lagerstrccmia  regince  1 

(jarool).  . j 

Pithecolobium  saman  (rain  1 
tree).  J 

Cas uarin  a eq  u ise  t if o / ia 
(casuariua).  J 

Man  gif  era  indica  (mango) . . 
Melia  indica  (vepam)  . . 

Melia  azedarach  ( Persian 
lilac). 

Millingtonia  hortensis  (cork  j 
tree).  J 

Acacia  arabica  (karuvelam)  A 
Acacia  . leucophl&a  (vel- 
relam).  j 


Large  forest  tree,  very  slow 
in  growth. 

A 6plendid  tree  with  rose- 
coloured  or  purple  flowers. 

A very  fast-growing  tree. 

A well-known  fuel  tree, 
quick  growing. 

A shady  fruit  tree. 

Good  shade  trees  in  hot 
season,  timber  fairly  good. 

Sweet-scented  flowering 
tree. 

Fairly  shady  trees. 


Lands  suitable  for  various  trees. — In  rice  lands 
the  banians  grow  well.  In  latcritc  the  mango  and  acacia 
flourish  ; for  sandy  and  gravelly  soils  the  various  kinds  of 
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ficus  arc  suitable ; for  black  cotton  soils  the  vclams  may  be 
selected,  while  the  casuarinas  flourish  in  sandy  soils. 

Colonel  Campbell- Walker’s  recommendation  as 
to  planting'. — According  to  Colonel  Campbcll-Walkcr,  late 
Conservator  of  Forests,  Madras,  avenues  may  be  created  by 
seedlings  or  from  cuttings.  Sowing  “in  situ”  is  out  of  the 
question  if  good  results  arc  to  be  obtained,  owing  to  the 
watering  required  ; cuttings  of  the  figs  grow  well  and  make 
trees  more  quickly  than  seedlings. 

Pruning  and  watering  young  trees  necessary. — 

To  secure  good  results  in  avenue  planting,  it  is  necessary  not 
only  to  select  the  species  best  adapted  to  the  soil  and  climate 
and  to  establish  the  young  trees,  but  to  take  great  care  in 
pruning  them  as  they  grow  up.  Lateral  branches  and  suckers 
ought  to  be  removed.  The  fences  must  be  well  maintained 
and  the  trees  occasionally  watered  in  the  dry  season  until 
such  time  as  they  can  thrive  without  such  external  aid. 

Of  the  two  following  sketches,  the  first  show's  the  plan 
above  recommended  for  fencing  and  preserving  the  trees,  the 
second,  a system  adopted  at  Palmanair,  North  Arcot,  to 
which  the  objection  seems  to  be  that  the  mound,  in  which 
the  tree  is,  must  get  very  dry  in  the  hot  season  and  apt  to 
be  washed  away  in  the  wet  season. 


AVENUES. 
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AVENUES 

HALF  SECTIONS  OF  ROADWAY 
PLAN  RECOMMENDED 


PALMANAIR  SYSTEM 


104  CHAPTER  V.— ROADS,  AVENUES  AND  STREET  LIGHTING. 

(3)  STREET  LIGHTING. 

Street  lighting  a preventive  against  commis- 
sion of  nuisances. — A few  remarks  on  street  lighting  may 
not  be  altogether  out  of  place  in  this  work.  It  is  neither  a 
sanitary  nor  an  engineering  measure,  but  necessary  for  public 
convenience  and  security  of  property,  & c.  It  is,  however,  in 
some  respects  an  aid  to  sanitation,  preventing  to  a greater  or 
less  extent  the  commission  of  nuisances  by  assisting  the  police 
to  detect  offenders. 

Petroleum. — In  Southern  India  it  is  improbable  that 
for  some  time  gas-lighting  will  ho  introduced,  even  though  coal 
becomes  very  much  cheaper  than  it  is.  In  petroleum  and  its 
products,  coal  has  a powerful  rival,  and  the  immense  increase 
that  has  lately  taken  place  in  the  production  of  petroleum, 
especially  on  the  Caspian  Rea,  the  l ikelihood  of  other  places 
being  found,  which  will  yield  a supply  of  oil,  and  the  antici- 
pated development  of  the  Burma  wells,  should  lead  petroleum 
to  be  looked  to  rather  than  the  former  product  as  the  future, 
as  it  is  the  present,  source  of  light  for  our  towns. 

Possible  illuminants. — Great  developments  will  take 
place  in  the  manner  in  which  petroleum  (in  the  form  of  kero- 
sine)  is  now'  used,  and  it  is  probable  that  petroleum  gas*  may 
be  in  the  early  future  a common  illuminant  in  Southern  India. 
On  the  other  hand,  petroleum  may  become  so  cheap  as  to  allow 
of  its  being  burnt  as  fuel  in  steam  engines  used  for  tho  pro- 
duction of  the  electric  light, the  present  cost  of  fuel  in  Southern 
India  being  the  greatest  objection  to  the  introduction  of  tho 
latter. 

Kerosine  oil. — Sit  uated  as  at  present,  kerosine  oil  is 
probably  the  only  possible  illuminant  in  towns  and  villages. 
It  is  an  extremely  cheap  illuminant,  and  is  preferable  as 
regards  cost  and  illuminating  power  to  any  vegetable  oil. 

Consumption  of  kerosine  oil.— A 1-inch  kerosine  oil 
lamp  gives  a light  equal  to  about  10  to  12  standard  candles 
and  requires  for  consumption  175  oz.  of  oil  per  hour  = T4 
pollams. 

There  are — 

25  oz . to  a bottle. 

25  bottles  to  a tin. 

50  do.  to  a case  of  two  tins. 

1 .250  oz.  to  a case. 


It.  is  now  in  use  in  private  houses  and  workshops  in  Madras. 
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Economy  in  street  lighting. — India  having  tho  ad- 
vantage of  exceedingly  bright  moon-light  nights,  tho  following 
arrangement  for  town  lighting  is  ono  which  is  probably  suit- 
able to  tho  conditions  of  tho  country  and  no  loss  suitablo 
to  the  financial  circumstances  of  Municipal  Boards  in  genoral. 
“No  public  lamps  to  be  lighted  during  the  ten  nights  before 
full  moon ; the  night  after,  to  bo  lighted  for  ono  hour,  and 
extinguished  on  the  rising  of  tho  moon.  Tho  lighting  to 
increaso  from  night  to  night  about  three-quarters  of  an  hour 
until  tho  moon  has  entirely  disappeared,  whon  the  lamps  are 
lightod  fully  for  ton  consecutive  nights.  Again  on  tho  ap- 
pearance of  the  new  moon  the  lamps  not  to  be  lit  until  tho 
moon  sets,  and  this  non-lighting  time  to  incroaso  nightly  about 
three-quartors  of  an  hour,  according  as  the  moon  appears  until 
ten  nights  before  tho  dato  of  full  moon,  when  the  procedure 
explained  begins  again.  The  lights  always  to  be  extinguished 
at  midnight.” 

Contracts  for  street  lighting. — If  a contract  is  to  be 
entered  into  for  lighting  a city,  it  is  well  to  make  out  a 
table  based  on  tho  foregoing  principles,  taking  also  into 
account  the  timo  tho  sun  sets  ; thus  suppose  the  sun  sets  at 
6-30  p.m.  and  tho  moon  rises  at  7 p.m.,  it  would  hardly  be 
thought  necessary  to  light  from  6 to  7 p.m.,  whereas  when 
the  sun  sets  at  6 p.m.  it  might  bo  considered  to  be  so.  It  will 
bo  found  from  such  a table  that  the  amount  of  lighting  re- 
quired per  lunar  month  will  vary  from  90  to  98  hours. 

Cost  Of  lighting. — Taking  95  hours  as  tho  average,  tho 
amount  of  kerosine  oil  required  per  lamp  during  28  days  will 

^ibx  i ro  oz:_6|  bottles,  say  7 to  allow  for  waste.  Korosine 
25  oz.  J 

oil  may  be  bought  in  Madras  at  Rs.  4-4-0  a case  or  Rs.  2-2-0 
per  tin,  so  that  tho  actual  cost  for  oil  per  lamp  per  month 

. . ,7  bottles  X Hs.  lf7 

amounts  to  only  ^ 

Madras  rate. — In  Madras  when  the  lamps  wore  lighted 
for  only  95  hours  per  season  tho  lanterns,  burners,  chimney 
frames,  &c.,  wero  kept  in  repair  and  tho  lamps  lightod  as 
above  for  As.  10-5  per  month,  leaving  11  pies  for  labour  in 
repairs  and  lighting  and  the  supplying  of  wick.  Lighting 
is  now  extended  to  143  hours  per  season  and  undor  similar 
conditions  as  above,  costs  As.  11-9  per  lamp  per  month. 

Lanterns. — Lanterns  ought  to  be  made  with  the  lightest 
possible  metal,  frames  compatible  with  strength,  the  bars 
narrow,  to  avoid  shadows  and  with  a good  outlet  at  the  top 
for  heated  air.  The  door  must  be  at  one  side.  Tho  top  of  the 

Y 


•=  As.  9-6  per  lam^ 
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lantern  should  "bo  tin,  not  glass,  or  an  amount  of  light  is  lost. 
Each  lamp  should  he  carefully  numbered,  so  that  lamp  in- 
spectors may  readily  note  defects  without  having  to  add  long 
descriptions  of  the  position  of  the  lamps. 

Distance  between  lamps. — When  determining  the 
distance  public  lamps  ought  to  be  apart,  it  must  be  remem- 
bered that  the  intensity  of  light  varies  inversely  with  the  square 
of  the  distance  (thus  a light  is  only  one-fourth  as  intense  40 
yards  distant  as  when  only  20  yards)  and  is  directly  propor- 
tional to  the  illuminating  power. 

Amount  of  illumination  of  any  point. — The  illu- 
mination at  any  point  between  lamps  may  be  arrived  at  by 
adding  all  the  quotients  obtained  by  dividing  the  illuminating 
power  in  standard  candles  * of  each  lamp  by  the  square  of  its 
distance  in  yards  from  that  point  (x).  Thus  if  the  point  (x) 
is  20  yards  from  one  lamp  and  20  from  another  and  each 
lamp  gives  a light  equal  to  12  standard  candles,  then  the  illu- 
mination at  x = WV  + 4- Vo  ='06  candles. 

Perfectly  effective  lighting. — The  rule  in  England 
generally  is  that  lamps  burning  5 cubic  feet  per  hour  of  15 
candle  gas  should  not  be  placed  at  a greater  distance  than  60 
yards.  The  average  of  distance  in  most  English  towns  is  40 
yards.  As  a kerosine  lamp  gives  much  less  light,  such  lamps 
ought  to  be  placed  closer  still,  to  give  effective  lighting,  but  as 
perfectly  effective  lighting  (that  is  when  a newspaper  can  be 
read  in  any  part  of  the  street)  is  likely  to  be  found  too  expen- 
sive, the  best  method  is  to  place  the  lamps  at  corners,  changes 
of  direction  in  streets,  places  shaded  by  trees,  &c. 

Distribution  of  light  and  height  of  posts.— The 

distribution  of  light  is  better  in  proportion  to  its  height  above 
the  ground,  but  the  amount  of  light  thrown  on  the  ground  is 
greater  as  the  light  is  lower.  There  is  evidently  therefore 
some  point  at  which  the  two  elements,  distribution  and  amount, 
will,  when  considered  together,  be  most  effective,  but  to  this 
consideration  must  also  be  added  those  economic  ones  of  facility 
in  lighting,  cost  of  posts,  &c.  The  usual  height  of  a lamp 
post  varies  from  8 feet  to  9 feet  6 inches  with  the  lamp  some 
6 inches  higher.  This  is  a height  easy  to  get  at  with  a ladder, 
while  the  burner  is  sufficiently  high  to  be  out  of  the  reach  of 
mischievous  persons  who  might  interfere  with  it. 

Posts  and  brackets.— Cast-iron  lamp  posts  of  plain 
pattern  may  bo  obtained  in  Madras  at  about  Es.  14-14-0 


# A standard  candle  is  one  which  is  consumed  at  the  rate  of  1 inch 
per  hour. 
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each,  while  posts  of  old  rails  can  be  fitted  up  for  Es.  8-12-0 
to  Es  12-8-0.  Iron  brackets  cost  not  much  less  than  posts 
and  are  liable  to  much  damage  bv  carts  highly  laden  or 
from  the  houses  to  which  they  are  affixod  being  badly 
constructed.  "Wooden  posts  ought  not  to  be  used;  they  are 
liable  to  rot  and  fall  without  warning.  Tho  cost  of  a lamp 
post,  lantern,  &c.,  complete  is  as  follows  : — 


Cast-iron  Lamp  Post. 

Lamp  post,  cast  iron  . . 

Lantern  frame . . 

Lantern  (street) 

Moon,  pine 

Burner  with  collar  ( brass) 

Zinc  reservoir  . . 

Average  fixing  charges  within  muni- 
cipal limits  . . 


Total  . . 

Old  Rail  Lamp  Post. 

Lamp  post,  rail 
Lantern  frame  . . 

Lantern  (street) 

Moon,  pine 

Burner  with  collar  (brass) 

Zinc  reservoir  . . 

Average  fixing  charges  within  muni- 
cipal limits  . . . , 


Total  . . 


RS. 

A. 

r. 

14 

14 

0 

1 

6 

9 

1 

10 

3 

0 

10 

6 

1 

3 

3 

0 

3 

1 

1 

0 

0 

20 

15 

10 

8 

12 

0 

1 

6 

9 

1 

10 

3 

0 

10 

6 

1 

3 

3 

0 

3 

1 

1 

0 

0 

14 

13 

10 

Inspection  of  lighting  done  by  contract. — When 

street  lighting  is  given  out  on  contract,  it  is  very  desirable 
that  there  should  be  frequent  inspection  and  it  is  well  to  come 
to  a previous  understanding  with  the  contractor  that  for  each 
defect  found  he  shall  be  liable  to  a certain  fine  as  a maximum  ; 
for  instance,  lamps  lit  after  time,  put  out  before  the  proper 
hour,  smoking  burners,  wick  turned  down  too  low,  lantern 
dirty,  frame  shaky,  too  little  oil  in  the  reservoirs,  are  in- 
stances of  faults  which  will  be  found  under  any  contract  for 
lighting.  The  quality  of  the  oil  to  be  used  should  also  be 
previously  fixed  upon.  Such  details  tend  not  only  to  be  better 
ighting,  but  to  the  prevention  of  friction  between  a con- 
ractor  and  his  employers. 
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BUILDINGS. 

(1)  BUILDING  MATERIALS. 

Classification. — Building  materials  may  be  classified 
as  follows  : — 

(1)  Stone,  (2)  bricks,  (3)  limes,  (4)  timber,  (5)  metals, 
and  (6)  paints  and  varnishes. 

Under  the  head  of  bricks  may  be  included  tiles,  pottery 
and  artificial  stones;  under  that  of  limes  may  be  included 
cement  and  sand  with  their  combinations  mortar  and  concrete. 

I. — Stone. 

Stone  suitable  for  building  is  found  only  within  limited 
areas.  The  chief  stones  used  for  building  in  India  are  granite, 
gneiss,  marble,  limestone,  slate  and  laterite.  The  qualities 
required  in  stone  are  so  varied  that  no  definite  rule  can  be 
given  as  a guide  in  selection ; a stone  very  suitable  for  an 
engineering  work  may  bo  quite  unsuitable  for  an  architectural 
work.  The  principal  qualities  to  be  looked  for  in  stone  are  its 
strength,  durability  and  facility  of  working. 

The  durability  of  a stone  is  its  power  to  resist  the 
effects  of  the  weather ; this  power  is  not  always  co-existent 
with  strength,  but  often  is  so.  One  test  of  the  durability  of 
stone  is  its  absorptive  power  ; the  best  guide  to  the  selection 
of  stone  is  an  examination  of  the  existing  buildings  in  the 
locality  where  a proposed  structure  is  to  be  erected. 

Preservation  of  stone.  — Stone  decays  from  various 
causes,  and  most  of  the  processes  in  use  for  its  preservation 
depend  on  the  filling  up  of  the  pores  of  the  stone  at  its  exposed 
surfaco  so  as  to  exclude  air  and  moisture.  For  this  purpose 
coal  tar  is  efficient,  but  unsightly.  Boiled  linseed  oil  may  be 
used  as  a temporary  expedient.  The  silicates  of  lime  and 
potash  are  said  to  be  effectual. 

II. — Bricks. 

Brick  is  the  material  mostly  in  use  for  buildings  in 
India,  its  advantages  being  its  comparative  cheapness  and 
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easy  manipulation.  Owing  to  tho  want  of  suitablo  clay  in 
many  localities,  bricks  sufficiently  good  for  building  purposes 
aro  not  obtainable. 

Bricks  classified.— —Tho  manufacture  of  bricks  is  carried 
on  so  extensively  all  over  the  country  that  it  is  unnecessary 
to  entor  into  details  regarding  the  process.  Bricks  may 
bo  classified  with  reference  to  their  mode  of  manufacture, 
into  ‘ table- moulded  bricks’  and  ‘ground-moulded  bricks.’ 
Tho  former  are  made  on  a table  with  metal  or  metal-lined 
moulds  ; tho  latter  are  made  on  the  ground,  usually  in  moulds 
made  of  wood.  Tho  process  of  making  table-moulded  bricks 
is,  in  all  its  stages,  moro  elaborate  than  that  employed  in 
making  ground-moulded  bricks,  and  requires  better  ap- 
pliances and  kilns  to  burn  them.  Tho  nativo  brickmaker 
seldom  makes  table-moulded  bricks  unless  they  aro  required 
for  somo  special  work  in  such  largo  numbers  as  would  pay 
him  to  undertake  the  extra  expenso  involved.  Tablc-mouldod 
bricks  have  a moro  regular  shape,  a smoother  surface  and 
usually  are  larger  than  country  bricks.  The  advantage  of  their 
regularity  and  smoothness  of  surfaco  is,  that,  when  they  aro 
used  in  buildings,  the  exterior  of  the  walls  may  be  left  unplas- 
tered.  This  not  only  adds  to  the  appearance  of  the  work,  but 
also  saves  the  cost  of  plastering.  The  advantages  duo  to  their 
size  will  be  enumerated  below. 

Characteristics  of  good  bricks. — The  quality  of 
bricks  depends  on  the  nature  and  preparation  of  tho  clay, 
their  shape,  on  the  amount  of  care  taken  to  dry  and  burn 
them.  A good  brick  is  characterised  by  its  clear  uniform 
colour,  compact  structure,  regularity  of  surface  and  sharpness 
of  edge,  and  by  its  clear  ringing  sound  when  struck.  A really 
good  brick  ought  not  to  absorb  moro  than  one-fifteenth  of  its 
weight  in  water,  but  native- made  bricks  absorb  sometimes  as 
much  as  one-fifth  of  their  weight. 

Bricks  in  reference  to  their  use. — Bricks  may  bo 
grouped  according  to  their  use  as  wall,  arch,  well,  and  torracp 
bricks.  Wall  bricks  are  rectangular  in  shape,  their  length 
is  usually  double  their  width  and  their  thickness  is  from 
1 5 to  3 inches.  Arch  and  well  bricks  approximate  in  their 
dimensions  to  wall  bricks,  but  the  former  are  thicker  at  one 
side  and  the  latter,  broader  at  one  end  than  at  tho  other. 

Economy  of  building  with  large  bricks. — Though 
there  is  great  economy  in  using  thick  bricks,  a nativo  kiln  will 
not  bum  well,  bricks,  which  aro  thicker  than  1|  inches  or 
If  inches.  The  economy  due  to  the  use  of  thick  bricks  is 
the  lesser  number  required  and  therefore  tho  loss  number  of 
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joints  in  the  work,  the  less  quantity  of  chunam  necessary,  and, 
because  a bricklayer  can  lay  in  a day  as  many  thick  bricks  as 
he  can  thin  ones,  so  that,  where  there  are  proper  kilns  where 
thick  bricks  can  be  thoroughly  burnt,  it  is  better  to  use  such 
bricks. 

Fixed  dimensions  desirable. — It  is  very  desirable 
that  there  should  be  some  fixod  dimensions  for  bricks,  other- 
wise in  designing  buildings  and  deciding  upon  the  thickness 
of  the  walls  much  trouble  is  experienced.  To  allow  of  the 
bricks  being  properly  bonded,  adherence  to  the  following  rule 
ought  always  to  be  insisted  upon  : — 

“ The  breadth  of  a brick  ought  to  be  one-eighth  inch 
less  than  half  the  length  of  the  brick,”  so  that  two  breadths 
connected  by  a quarter-inch  mortar  j oint  will  equal  the  length 
of  a brick,  thus  an  8|-inch  brick  should  be  4f  inches  broad, 
and  a 9-inch  brick  4§  inches,  and  so  on. 

Sizes  of  bricks. — Bricks  are  made  of  various  sizes 
according  to  the  fancy  of  the  manufacturer,  the  wishes  of  the 
purchaser  or  the  custom  of  the  country.  The  following  are 
tho  usual  sizes  available  : — 


Madras  Government  bricks  . . 

03" 

• . >-'4“ 

X 

4f" 

X 

3" 

Ground-moulded  bricks,  large 

...  9" 

X 

44" 

X 

2" 

Do.  small 

..  8" 

X 

4" 

X 

n1 

Terrace  bricks 

..  5" 

X 

3" 

X 

i" 

Artificial  stone  is  used  to  a large  extent  in  England 
and  is  very  suitable  for  cornices,  mouldings,  &c.  It  is  not 
much  used  in  India ; a simple  artificial  stone  may  be  made 
of  broken  granite  and  hydraulic  cement  in  the  proportion  of 
4 granite  to  1 cement  with  a small  quantity  of  water,  the 
blocks  when  set  being  placed  for  two  days  in  a solution  of 
silicate  of  soda.  This  stone  is  not  adapted  for  fine  classes 
of  work,  such  as  mouldings,  &c. 

Flooring  tiles,  ordinary,  are  made  of  clay  similar  to 
that  used  for  ordinary  bricks  and  are  1§  inches  to  2 inches 
thick  and  6 inches  to  12  inches  square.  These  tiles  do  not 
present  an  even  surface  when  laid,  and  the  practice  is  to  level 
them  after  they  are  laid  by  rubbing  them  down  with  a brick. 
A superior  flooring  tile  is  made  at  the  Madras  Government 
brick-fields.  They  are  of  clay  similar  to  that  used  for  bricks, 
but  ground  much  finer.  They  are  moulded  in  presses  and 
have  an  oiled  surface.  These  tiles  do  not  wear  out  as  easily 
as  country  tiles,  but  they  cost  more. 

Stoneware  tiles. — Messrs.  Burn  and  Company  of 
Calcutta  manufacture  stoneware  flooring  tiles  in  a variety  of 
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shapes  and  sizes.  They  may  ho  obtained  either  with  plain  or 
chequered  surfaces,  the  latter  being  very  usoful  for  flooring 
engine  and  boiler  rooms,  markots,  stables,  or  in  any  position 
where  the  floor  is  liable  to  bo  slippery  owing  to  wet ; they 
givo  a firm  hold  to  tho  foot.  This  flooring  is  noat  in  appear- 
ance and  as  indestructiblo  as  stone,  but  is  rather  expensive, 
tho  cost  in  Southorn  India  being  about  Rs.  80  per  square. 

Roofing  tiles. — Of  these  thero  are  various  descriptions, 
viz.,  tho  ordinary  pot  tile  made  on  tho  potters- wheel,  the  pan 
tilo  shorter  and  less  curved  than  tho  former,  the  flat  tile,  tho 
School  of  Aids  tilo  and  tho  Mangalore  tile : the  manner  of 
using  them  will  be  described  further  on. 


III. — Lime  and  Cement. 

Limes  may  be  divided  into  two  classes,  common  and 
hydraulic. 

Common  lime  may  be  either  what  is  called  fat  limo  or 
poor  lime ; tho  former  is  pure,  in  the  latter  there  is  a mechanical 
mixture  of  lime  and  inert  matter  like  sand.  Common  lime 
will  not  harden  under  water. 

Hydraulic  lime  contains  silica,  alumina,  magnesia,  &c., 
in  chemical  combination  with  limo  in  an  aggregate  pro- 
portion of  8 to  10  per  cent.  It  possesses  the  valuable  property 
of  hardening  undor  water. 

Preparation  of  lime. — Lime  is  found  in  nature  as  car- 
bonate of  limo  ; sea  shells,  limestone,  lime  pebbles  or  ‘ kunkur  ’ 
aro  formed  wholly  or  in  part  of  carbonato  of  lime.  The  pro- 
cess of  manufacturing  or  burning  of  limo  is  simplo.  Tho 
stones  or  shells  are  placed  in  alternate  layers  with  fuel  in  kilns 
and  burnt.  The  action  resulting  from  the  calcination  is  tho 
expulsion  of  the  carbonic  acid  in  the  stone  or  shells,  producing 
the  quick-lime  of  commerce.  To  render  it  fit  for  building 
purposes,  it  is  slaked  or  reduced  to  powder  (hydrato  of  limo) 
by  pouring  over  it  water,  in  quantity,  equal  to  about  ono-third 
of  its  bulk,  the  lime,  at  the  samo  time,  being  thoroughly 
turned  over  with  a shovel  or  hoe.  A rich  lime  expands  by  tho 
addition  of  water  to  twice  its  bulk,  and  then  quickly  falls  to 
powder,  while  an  hydraulic  lime  expands  less  in  proportion  to 
its  hydraulicity  and  takes  longer  to  fall  to  powder.  The  limo 
produced  from  shells  is  a rich  fat  limo.  Lime  obtaiued  from 
stones  is  usually  either  poor  or  slightly  hydraulic.  Poor  limes 
are  characterised  by  a brownish  colour,  while  hydraulic  limes 
have  greyish  colour.  A good  hydraulic  lime  is  unobtainable 
in  Southern  India.  The  best  that  has  come  under  the  writer’s 
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notice  is  that  made  from  coral  stones  obtained  from  the  Devi 
Islands  off  the  Malabar  coast. 

Slaked  lime  should  not  be  allowed  to  stand  unused 
for  any  length  of  time.  To  ensure  this,  lime  should,  as  a rule, 
be  obtained  unslaked,  and  slaked  on  the  works  as  required. 
This  precaution  will  also  be  a safeguard  against  the  adultera- 
tion of  stone  lime,  which  is  not  an  uncommon  practice. 

Portland  cement. — The  use  of  Portland  cement  for  works 
of  a sanitary  nature  is  rapidly  increasing  in  this  country. 
Portland  cement  is  usually  imported  into  this  country  from 
England,  but  large  quantities  are  manufactured  at  the  Madras 
Cement  Works. 

Tests  for  Portland  cement. — It  is  usual  to  specify 
the  following  requirements  for  cement  used  in  engineering 
works : — 

(1)  The  cement  shall  weigh  112  lb.  per  bushel  of  P283 
cubic  feet. 

(2)  It  shall  be  ground  sufficiently  fine  to  pass  through  a 
sieve  of  2,500  meshes  to  the  square  inch,  leaving  a residue  of 
not  more  than  10  per  cent. 

(3)  It  shall  be  capable  of  bearing  a tensile  strain  of 
350  lb.  per  square  inch  at  seven  days  old,  the  briquette  being 
immersed  in  water  for  24  hours  after  having  been  moulded. 

Choice  of  cement. — It  is  not  within  the  power  of  the 
ordinary  purchaser  to  carry  out  all  of  the  above-indicated 
tests.  For  ordinary  purposes,  it  will  be  sufficient  if  cement 
be  obtained  from  some  respectable  local  dealer  who  sells  a well- 
known  brand  of  English  cement.  Locally-made  cement  is  not 
oqual  in  strength  to  the  best  brands  of  imported  cement,  but 
it  is  cheaper  and  by  using  a higher  proportion  of  cement,  the 
same  strength  can  be  obtained  as  with  English  cement  at 
the  same  cost  if  not  less.  Purchasers  should  however  take 
two  precautions  in  buying  cement : first,  with  regard  to 
imported  cement,  it  should  be  observed  whether  the  cement 
in  the  casks  has  slaked,  as  this  indicates  absorption  and  con- 
sequent deterioration  of  the  cement ; secondly , Indian  cement 
should  not  bo  used  as  soon  as  it  leaves  the  mill-stones,  but 
should  bo  warehoused  for  some  time  and  allowed  to  cool  before 
use.  Cement  undergoes  a process  called  ‘ air-slaking  ’ for  a 
considerable  time  after  manufacture  ; if  it  is  used  before  ‘ air- 
slaking  ’ has  been  completed,  it  will  show  a tendency  to  ‘ blow  ’ 
and  disintegrate.  When  the  hand  is  plunged  into  a bag  of 
cement,  if  it  feels  warm,  it  is  an  indication  that  ‘ air-slaking  ’ 
is  still  proceeding.  The  less  water  used  in  mixing  cement  the 
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hotter.  Bricks  and  stones  used  with  cement  should,  howevor, 
he  well  soaked.  Salt  water  is  as  good  as  fresh  for  mixing  with 
cement.  Good  cemont  weighs  about  87  lbs.  to  tho  cubic 
foot.  The  gross  weight  of  a barrel  of  cemont  is  400  lbs. 
and  tho  net  weight  of  cement  contained  in  it  is  about  383  lbs. 

Artificial  cement  or  soorki. — An  artificial  cement  is 
made  in  India  by  mixing  what  is  called  soorki  (three-quarters 
burnt  brick  well  pounded  until  it  has  tho  appearance  of  sand) 
with  limo.  The  best  proportions  aro  1 of  limo  to  1 of  soorki, 
hut  when  rapid  setting  is  required,  tho  proportion  of  soorki 
must  he  increased. 

Sand.— The  sand  used  for  building  purposes  should 
bo  clean  and  sharp,  neither  too  largo  nor  too  small  in  grain, 
nor  should  tho  grains  be  of  equal  size.  Tho  moro  angular  or 
‘ sharp  * the  grains  of  sand  aro,  tho  bettor  will  they  lcoy  into 
each  other  when  made  into  mortar ; in  addition  they  offer 
a larger  surfaco  for  tlio  adhesion  of  tho  limo  or  cement  than 
if  the  grains  are  rounded.  Tho  purity  of  sand  can  bo  tested 
by  placing  it  in  a bucket  of  water  and  stirring  it  round ; 
much  discolouration  shows  it  contains  earth,  clay  or  vegetablo 
matter.  Sea  sand  on  account  of  tho  salt  in  it  must  be 

avoided  unless  with  cemont  mortar. 

• 

Mortar  or  chunam  * is  a mixture  of  slaked  limo  or 
cement  and  sand,  sufficient  water  being  added  to  bring  it  to 
the  proper  consistency.  Mortar  is  made  by  placing  tho  re- 
quisite quantity  of  sand  in  a trench  with  tho  limo,  the  ordinary 
proportions  of  limo  and  sand  being  1 and  2 respectively. 
This  is  beaten  up  by  women  or  boys  with  chunam  pounders. 

Preparation  of  lime  mortar. — For  largo  works  a 
circular  trench  is  formed,  and  tho  mortar  is  then  formed  into 
a paste  and  ground  by  a heavy  stone  roller  drawn  by  bullocks, 
or,  if  a pngmill  is  available,  that  modo  of  preparation 
is  still  better.  Whatever  mothod  is  used,  tho  object  is  tho 
same,  viz.,  a thorough  admixture  of  the  lime  and  sand. 

Preparation  of  cement  mortar. — Cement  mortar  docs 
not  require  to  ho  pounded ; careful  mixing  with  the  sand  is 
sufficient.  In  mortar  for  masonry  works  the  usual  proportion 
is  1 of  cement  and  3 of  sand  bv  measure.  Tho  mixture 
should  ho  made  on  a platform  having  a clean  and  hard  surfaco. 
This  is  best  made  of  planks  or  bricks  laid  edge  to  edge  on  tho 


# This  word  is  indiscriminately  applied  to  the  lime  itself  a#  well  as  to 
‘the  mortar,’ 


174 


CHAPTER  VI.— BUILDINGS. 


ground.  The  sand  which  must  bo  perfectly  dry  should  bo 
measured  first  and  placed  on  the  platform.  The  cement 
should  be  measured  next  and  placed  over  the  measured  heap 
of  sand.  The  two  should  then  be  thoroughly  mixed  without 
the  addition  of  any  water  by  turning  the  mixture  over  with 
shovels.  Large  heaps  of  sand  and  cement  mixture  should 
never  be  made  into  mortar  at  once  by  the  addition  of  water. 
Tho  addition  of  water  to  the  mixture  should  bo  made  at  the 
spot  whoro  tho  bricklayers  are  working.  The  dry  mixture 
should  be  taken  to  tho  bricklayers  in  quantities  not  exceed- 
ing one  cubic  foot.  Each  bricklayer  should  be  provided  with 
trays,  or  small  boxes  (dealwood  wine  cases  serve  the  purpose) 
into  which  the  mixture  is  thrown  and  water  added  to  it, 
gradually  working  it  at  the  same  time  with  the  trowel,  until 
it  is  reduced  to  the  proper  consistency  for  use.  The  quantity 
of  water  to  be  added  requires  attention.  The  use  of  too 
much  water  should  be  avoided,  because  it  reduces  the 
strength  of  the  mortar,  and  the  desired  plasticity  should 
be  obtained  by  well  working  it.  Not  more  than  one-third  of 
its  bulk  of  water  is  required  for  mixing  cement  mortar. 
Bricks  and  stones  used  with  cement  mortar  should  however 
bo  well  soaked.  Salt  water  is  as  good  as  fresh  for  mixing 
with  cement.  As  soon  as  the  mortar  is  made,  it  should  be 
used  up  and  not  allowed  to  partially  set  on  the  board  and 
to  be  beaten  up  again,  for  this  only  destroys  the  cement  and 
renders  it  of  no  value  whatever.  Cement,  when  it  has  once 
commenced  to  set,  cannot  advantageously  be  worked  up 
again. 

Preparation  of  soorki  mortar. — The  best  proportions 
for  soorki  mortar  are  1 of  lime,  1 of  sand  and  1 of  soorki,  but, 
when  rapid  setting  is  required,  the  proportion  of  soorki  must 
be  increased  with  a corresponding  decrease  in  the  quantity  of 
sand.  Soorki  mortar  ought  not  to  be  used  unless  it  is  to  bo 
immersed  or  kept  very  moist  for  at  least  a month. 

Sugar  in  mortar.— Attention  lias  lately  been  called  in 
England  to  tho  use  of  sugar  with  lime  mortar.  The  custom 
of  mixing  jaggery  (molasses)  in  India  is  a common  one. 
One  pound  to  each  eight  gallons  of  water  to  bo  used  for 
mixing  the  lime  will  be  found  sufficient.  It  must  not  be 
used  with  soorki  mortar. 

Lime  plastering.— Plastering  in  India  is  probably 
carried  out  to  too  great  an  extent,  but  ordinary  country  brick- 
work requires  its  use  to  take  away  tho  rough  and  unfinished 
appearance  a building  otherwise  would  hare.  ‘When,  how- 
ever, good  bricks  are  used  and  the  courses  are  well  and  neatly 
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laid,  plastering'  ought  to  be  omitted.  For  comfort  and  appear- 
ance the  walls  of  the  living  rooms  of  houses  in  India  are  usually 
plastered.  Plaster,  as  made  in  India,  is  very  much  the  same 
as  mortar,  though  perhaps  more  finely  ground.  Plastering 
is  done  in  one,  two  or  throe  coats.  The  following  proportions 
are  used  in  Madras  : — 


First  coat. 

Second  coat. 

Third  coat. 

One  coat  of  plaster.  . 

1 Two  coats  of  do.  ^ 
Three  coats  of  do.  | 

1 chuuam 
1 i river  sand. 

1 ohunam  ... 
li  river  sand. 

1 chunain 
lj  river  sand. 

2 chunain. 

1 white  sand. 

1 chunam 
1 sand 

4 chunam. 

1 white  sand. 

Fresh  water  and  sand  must,  in  all  cases,  ho  used. 

Tho  following  is  the  process  of  plastering  walls  in 
Madras : — 

For  one  coot , the  plaster  is  composed  of  one  part  of  lime 
and  one  and-a-half  of  river  sand,  thoroughly  mixed  and  well 
beaten  up  with  water.  Before  applying  tho  plaster,  the  wall 
should  be  trimmed  with  a trowel,  and  swept  perfectly  clean 
and  then  sprinkled  with  water.  The  wall  being  ready,  the 
plaster  is  mixed  up  with  jaggery-water  and  brought  to  the 
required  consistency.  It  is  then  laid  on  with  a trowel,  about 
half  an  inch  thick,  and  levelled  with  a flat  wooden  rule,  being 
afterwards  smoothened  with  a wooden  rubber,  till  it  acquires 
an  even  surface.  During  the  process  of  rubbing,  the  plaster 
is  occasionally  sprinkled  with  a little  pure  lime  mixod  with 
water  to  give  it  a hard  and  even  surface. 

For  two  coots,  tho  first  coat  is  applied  as  already  described, 
with  tho  exception  that  the  surface  is  left  rough,  and  no  puro 
lime  is  applied  during  the  process  of  rubbing.  A day  or  two 
after  the  first  coat  is  put  on,  and  while  it  is  still  moist,  the 
second  coat  is  applied.  Tho  plaster  used  for  tho  second  coat 
consists  of  two  parts  of  limo  and  one  of  white  sand.  They  aro 
mixed  as  before,  and  afterwards  ground  on  a flat  stone,  with 
a small  stone  roller  * till  they  are  reduced  to  a fine  paste. 
The  plaster  thus  propared  is  laid  on  a wooden  rubber  and 
applied  with  care,  over  tho  first  coat,  about  an  eighth  of  an 


* ^lortar  for  cut-stone  work  is  ground  on  a stone  in  the  same  way. 
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inch  thick,  It  is  then  rubbed  down  perfectly  smooth,  with  a 
small  trowel,  and  afterwards  polished  with  a crystal  or  smooth 
stone  rubber,  and  as  soon  as  it  has  acquired  a polish,  a little 
very  fine  baUapum  * (soap-stone)  powder  is  sprinkled  on  it 
to  increase  the  whiteness  and  polish  of  the  plaster,  and  the 
polishing  continued.  The  second  coat  ought  to  be  applied  and 
finished  in  one  day,  for  it  usually  hardens  too  much  during 
the  night  to  be  polished  the  following  day,  unless  in  damp 
weather.  The  practice  is  to  continue  polishing  the  plaster 
until  it  is  quite  dry,  and  a number  of  bricklayers  are  employed 
in  order  that  it  may  be  well  polished  the  first  day.  Moisture 
continues  to  exude  from  the  plaster  for  some  days  after  it  is 
completed ; this  ought  to  be  carefully  wiped  off  with  a fine 
cloth  and  tho  wall  kept  perfectly  dry  till  the  moisture  ceases. 

For  three  coats,  the  first  is  laid  on  as  already  described,  but 
it  is  left  a fortnight  or  three  weeks  to  dry  before  the  second 
coat  is  applied.  The  plaster  for  the  second  coat  consists  of  one 
part  of  lime  and  one  of  fine  river  sand,  freed  from  tho  coarser 
particles  and  from  clay  by  sifting.  It  is  well  mixed  and 
beaten  up  in  a clean  trough  and  applied  over  the  first  coat 
about  a quarter  of  an  inch  in  thickness,  the  first  coat  being 
previously  moistened  with  a little  .water.  It  is  next  rubbed 
down  in  the  same  manner  as  the  first  coat,  but  acquires  a much 
smoother  surface,  the  plaster  being  of  a finer  quality.  A day 
or  two  afterwards  before  it  has  had  time  to  drv,  the  third  coat 
is  applied.  It  consists  of  four  parts  of  lime  and  one  of  fine 
white  sand.  These,  after  being  well  mixed  and  reduced  by 
grinding  to  a very  fine  paste,  quite  free  from  grittiness,  are  put 
into  a large  earthen  jar,  of  the  size  nearly  of  half  a hogshead, 
and  mixed  with  tho  whites  of  eggs  and  tyre  or  milk  curds,  in 
the  proportion  of  12  eggs  and  H measures  of  tyro  to  every 
parah  of  plaster. t These  are  all  mixed  and  rubbed  between 
the  hands,  till  the  ingredients  are  thoroughly  incorporated,  and 
tho  composition  reduced  to  a uniform  consistent  paste,  a little 


* The  ballapnm  powder  is  tied  up  in  cloth,  and  dusted  over  the  wall, 
as  pumice  is  appliod  to  paper,  by  which  means,  the  finest  parts  only  are 
used.  Ballapnm  is  the  Canarese  and  inavoo  kulloo,  the  Tamil  name  of  pot- 
s tone  or  soap-stono  (steatite),  which  is  a sottish  stone  of  a greyish-blue 
efiour,  found  in  many  tracts  of  lower  India,  particularly  in  Mysore.  It  is 
easily  worked,  and  is  used  by  the  natives  for  making  small  pots  and  dishes, 
and  also  pencils  for  school  boys  to  write  upon  books  with,  which  books  are' 
formed  of  cloth  blackened  and  stiffened  with  gum.  There  is  avarietvof 
this  stone  which  is  more  hard,  and  is  called  in  Mysore  sila  kulloo , from' the 
circumstance  that  it  is  generally  used  for  making  images. 

t Sometimes  half  a pound  of  ghee  is  mixed  with  the  above  quantities 
of  white  of  egg  and  tyre  ; other  proportions  of  the  ingredients  are  in  use. 
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thicker  than  cream  and  perfectly  free  from  grittinoss.  The 
plaster  is  now  fit  for  use  and  is  put  on,  with  a wooden  rubber, 
about  a tenth  of  an  inch  thick,  and  gently  rubbed  till  it  becomes 
perfectly  smooth.  Immediately  after  this,  another  coat  of  still 
finer  plaster  is  applied,  consisting  of  pure  lime  ground  to  a very 
fine  paste,  and  afterwards  mixed  with  water  in  a clean  tub  till 
it  is  of  the  consistency  of  cream.  This  is  put  on  about  a 
sixteenth  of  an  inch  thick  with  a brush  and  rubbed  gently  with 
a small  trowel  till  it  acquires  a slight  degree  of  hardness.  It 
is  then  rubbed  with  a crystal  or  stone  rubber  till  a beautiful 
polish  is  produced,  not  forgetting  to  sprinkle  the  wall  with  fine 
ballapum  powder  during  the  process  of  polishing.  If  the  plaster 
is  not  entirely  dry  on  the  second  morning,  the  operation  of 
polishing  ought  to  be  continued  until  it  is  quite  dry.  The 
moisture,  as  above  directed,  must  be  carefully  wiped  off  and  the 
wall  kept  quite  dry  till  all  appearance  of  moisture  ceases.  The 
quality  of  chunam  depends  chiefly  on  the  plaster  for  the  upper 
coat  being  reduced  to  a very  fine  paste,  perfectly  free  from 
grittincss,  and  on  its  being,  after  it  is  applied  to  the  wall, 
rubbed  constantly  with  great  care,  till  it  is  quite  dry  and  has 
acquired  a very  fine  polish.  The  wall  ought  then  to  be  fre- 
quently wiped  with  a fine  clean  cloth  to  remove  the  moisture, 
and  it  may  he  occasionally  dusted  with  ballapum  powder.  The 
stone  used  iu  polishing  is  a crystal  or  white  pebble  or  piece  of 
soap-stone,  about  3 inches  long  and  1^  inches  broad  with  a 
perfectly  smooth  face.  In  the  upper  coat,  very  white  sand  only 
is  employed,  as  common  sand  destroys  the  brilliancy  of  the 
plaster.  When  white  sand  is  not  procurable,  white  crystal,  or 
pebbles  reduced  to  a fine  powder  may  bo  substituted.  The 
thickness  of  plaster  is  from  three-quarters  of  an  inch  to  an  inch, 
and  is  made  so  great  in  order  to  conceal  irregularities  in  the 
face  of  the  wall,  but  it  would  be  stronger  and  last  longer  if  the 
thickness  did  not  exceed  half  an  inch.  In  outside  plastering,  it 
will  be  better  to  follow  the  wavy  outline  of  the  wall  than  put  an 
inch  or  more  in  the  hollows  to  produce  a perfectly  level  surface. 

The  proportion  of  lime  to  sand  in  the  first  coat  is  no  doubt 
greater  than  it  should  be,  and  as  it  is  the  lime  paste  and  not 
the  sand  that  shrinks  in  drying,  the  plaster  cracks  owing  to  the 
excess  of  the  former-  The  lime  for  plaster  should  bo  thoroughly 
slaked  and  carefully  sifted,  and  the  mortar  should  never  bo 
used  quite  fresh,  for  the  particles,  not  perfectly  slaked,  by  subse- 
quently expanding  or  slaking  in  the  wall,  disturb  others  in  their 
vicinity,  and  cause  them  to  bo  detached  or  fall  off.  Keeping 
the  mortar  for  some  days  insures  the  thorough  slaking  of  the 
lime.  It  is  desirable  a'so  that  the  shells  and  sand  should  be 
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washed  in  order  to  free  them  from  saline  particles,  or  other 
impurities,  and  no  brackish  water  should  be  used  in  any  of  the 
subsequent  processes.  The  plastering  of  the  Madras  Cathedral 
is  deservedly  celebrated,  and  though  executed  nearly  sixty-eight 
years  ago,  it  is  still  in  excellent  preservation.  On  that  occa- 
sion, not  only  were  all  the  precautions  just  mentioned  taken, 
but  the  rubbing  of  the  surface  was  carried  on  for  a long 
time,  and  persons  were  employed  for  two  months  removing 
every  appearance  of  moisture  from  the  walls.  Comparing  this 
with  the  practice  of  the  present  day,  it  is  not  difficult  to 
account  for  the  quick  deterioration  of  the  plaster  that  now 
takes  place. 

Replastering’. — Before  replastering  a wall  or  portion  of  a 
wall,  it  is  necessary  that  the  old  plaster  should  be  first  entirely 
removed,  the  joints  raked  out  to  a depth  of  half  an  inch,  and 
the  surface  of  the  wall  wetted.  If  these  precautions  be 
taken,  the  plaster  wall  adhere  firmly  to  the  wall,  but  if 
neglected,  it  is  apt  to  fall  off  in  flakes.  The  bricklayers  have 
a very  slovenly  way  of  roughly  pointing  the  walls,  as  they 
are  being  raised,  with  the  mortar  squeezed  out  by  each  brick 
as  it  is  laid,  by  which  means,  nearly  the  whole  surface  of  the 
wall  is  covered  with  plaster,  portions  of  brick  appearing  only 
here  and  there.  It  is  impossible  that  the  first  coat  of  plaster 
can  adhere  as  well  to  such  a surface,  as  it  would,  were  the 
joints  left  open. 

Cornices. — In  forming  cornices,  the  intended  shape  should 
first  be  given  as  nearly  as  possible  by  bricks  * projecting  from 
the  face  of  the  wall,  so  that  only  a small  quantity  of  plaster 
will  afterwards  be  required  to  complete  it.  Bold  projecting 
cornices  formed  entirely  with  common  mortar,  as  thev  often 
are,  cannot  possibly  be  durable. 

Cement  plastering. — Cement  piaster  should  always 
be  laid  on  in  a single  coat  of  the  required  thickness.  The 
usual  proportions  for  cement  plaster  are  1 of  cement  to  3 
of  sand  or  l of  cement  to  2 of  sand.  Before  applying  the 
plaster  the  joints  should  be  raked  out,  the  walls  swept  and 
thoroughly  wetted.  Where  a rough  surface  is  not  objection- 
able, the  plaster  should  be  rubbed  down  with  a wooden  float. 
Where  a smooth  surface  is  desired,  the  surface  of  the  plaster 
should  bo  sprinkled  with  neat  cement  and  rubbed  down  with 
a trowel.  Cement  plaster  for  walls  should  not  be  less  than 
one  quarter  inch  thick,  nor  is  it  desirable  to  have  a thickness 


* Bricks,  18  inches  in  length,  are  sometimes  made  expressly  for  cornices, 
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greater  than  half  an  inch.  Owing  to  the  want  of  plasticity 
in  cement  mortar,  a very  thick  coat  of  plaster  does  not  hol'd 
to  the  wall  when  first  laid ; it  is  apt  to  slip  down.  The  thick- 
ness of  plaster  for  floors  should  not  be  less  than  half  an  inch, 
audit  need  not  exceed  three-fourths  of  an  inch.  Cement 
plaster  should  be  kept  wet  for  at  least  a week  after  being  laid. 

White-wash  should  be  prepared  from  fresh  burnt  white 
lime  stone  or  shell  lime.  The  lime  is  dissolved  in  a tub  with 
sufficient  wrater ; clean  gum  dissolved  in  hot  water  is  then 
added  in  the  proportion  of  2 ozs.  of  gum  arabic  to  1 cubic 
foot  of  lime,  or  rice  size  may  he  used  in  place  of  gum.  The 
white-wash  should  be  so  thick  that  it  does  not  readily  drop 
from  the  brush ; to  ensure  a uniform  wash,  English  brushes 
should  bo  used ; the  native  brush  formed  from  the  root  of  a 
bush  called  tashum  cheddy , the  end  of  which  is  beaten  out, 
gives  a very  uneven  appearance.  White-wash  is  usually 
applied  in  throe  coats.  From  walls  whioh  have  been  once 
white-washed,  the  old  white-wash  should  bo  scraped  and  the 
wall  brushed  clean  before  the  new  white- wash  is  laid  on. 

Blue  and  other  washes. — Blue,  yellow  and  red  washes 
are  made  by  mixing  ground  burnt  cocoanut  shells,  yellow 
ochre  and  red  ochre,  respectively,  with  white-wash  prepared 
as  described  above. 

Pointing. — Where  it  is  not  necessary  to  plaster  a build- 
ing, the  joints  of  the  brickwork  maybe  raked  out,  the  brick- 
work cleaned  and  the  joints  then- refilled  with  a pasto  of 
finely  ground  cement  and  sand.  The  work  to  be  effective 
must  be  neatly  done. 

Concrete  is  a mixture  of  mortar  and  gravel,  pebbles, 
broken  ^bricks,  or  broken  stones.  The  material  that  enters 
into  combination  with  mortar  to  form  concrete  is  called  the 
aggregate.  The  best  aggregate  for  forming  lime  concrete  is 
broken  brick  and  for  cement  concrete  broken  stone.  Owing 
to  their  rounduess  gravel  and  pebbles  are  not  desirable  mate- 
rials for  forming  concrete. 

Size  of  aggregate. — For  the  foundations  of  buildings 
and  bridges,  the  aggregate  should  be  broken  to  a size  such 
as  will  pass  through  a ring  1 ^ to  2 inches  in  diameter.  For 
flooring  purposes  the  size  should  not  exceed  1 inch.  The 
bricks  or  stones  should  be  broken,  as  far  as  possible,  into 
cubes  of  the  required  size. 

Proportion  of  mortar.— The  proportion  of  mortar  to  the 
coarso  material  must  be  determined  on  the  principle  that  the 
volume  of  the  cementing  substance  should  always  be  slightly 
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in  excess  of  tlio  voids  to  be  filled ; if  the  materials  to  be 
united  be  a coarse  gravel  of  an  average  size  of  two  inches,  each 
cubic  yard  gives  11  cubic  feet  of  void,  and  the  result  of 
an  experiment  made  in  Madras  with  small  gravel  varying 
from  half  an  inch  to  one  inch  showed  that  a well-filled  parah 
of  the  above  material  could  contain  GO  lbs.  or  nearly  one 
cubic  foot  of  water  without  leaking  or  overflowing.  The 

former  proportion  is  ^ = '41,  the  latter  = ’43.  In 

practice,  however,  a little  more  mortar  than  the  volume  of 
voids  is  used.  The  usual  proportion  is  50  per  cent,  of  the 
volume  of  the  aggregate. 

Proportion  of  materials. — In  making  concrete,  the 
amount  of  sand  to  lime  or  cement  should  first  bo  determined. 
The  following  proportions  are  recommended  for  ordinary 
municipal  works : — 

For  chunam  concrete — 

Broken  bricks  4,  sand  2,  slaked  lime  1 . 

For  cement  concrete — 

Broken  stones  6,  sand  3,  cement  1. 

For  the  blocks  for  the  inverts  of  the  Madras  sewers,  the 
following  proportions  were  used  : — 

Gfravel  6f,  sand  3,  cement  1 . 

These  had  thoroughly  set  before  being  used.  For  the 
Madras  Harbour  Works,  blocks,  the  following  arc  the  pro- 
portions ; — 

Stone  5j  sand  2|,  cement  1. 

The  best  proportion  must,  however,  in  all  cases  bo  deter- 
mined experimentally. 

Preparation  of  lime  concrete. — Concrete  should  be 
mixed  on  a platform.  The  lime  and  sand  must  first  be  mixed 
into  a stiff  mortar  with  a small  quantity  of  water.  The 
aggregate  should  be  separately  wetted  with  as  much  water  as  is 
required  to  saturate  it.  The  aggregate  and  the  mortar  should 
then  be  thrown  together  in  alternate  layers  in  the  proportion 
of  2 buckets  of  the  aggregate  to  1 bucket  of  mortar it  is 
then  to  be  thoroughly  turned  over  with  shovels. 

Preparation  of  cement  concrete.— The  cement  and 
sand  should  first  bo  mixed  thoroughly  dry  as  described  for 
cement  mortar.  The  dry  mixture  should  then  bo  added  to 
the  aggregate  and  these  two  should  be  turned,  with  shovels, 
twice  over  without  any  water.  When  all  the  ingredients 

have  been  thoroughly  mixed  dry  as  above,  water  should  be 

*• 
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added  through  tho  roso  of  a watering  pot.  The  volume  of 
water  required  will  probably  bo  about  half  the  volume  of 
oement. 

Mode  of  laying  concrete. — Concrete  should  always  be 
prepared  just  before  it  is  required  for  use.  There  is,  however, 
not  much  objection  to  ohunam  concroto  standing  a fow  hours 
before  being  used.  But  cement  concreto  should,  on  no  ac- 
count, be  allowed  to  do  so  and  should  be  used  up  immediately 
after  it  is  prepared.  Concrete  must  not  be  thrown  in  from  a 
height  so  as  to  cause  the  heavier  particles  to  fall  to  the 
bottom.  The  consolidation  should  be  effected  by  rammiug. 
The  concroto  should  be  laid  in  the  work  in  layers  not  exceeding 
()  inches  in  depth  and  should  be  well  rammed  with  wooden 
rammers.  Chunam  concrete  will  bear  ramming  for  a dav 
or  two  after  being  laid.  Cement  concrete  should  not  bo 
rammed  for  longer  than  3 or  4 hours  after  being  laid : it 
should  then  be  left  undisturbed. 

U88S  of  concrete. — Ordinarily  concrete  is  useful  in 
foundations,  paving,  flooring  and  terracing,  for  filling  in 
between  the  haunches  of  arches,  for  filling  voids  in  rubble  or 
rough  stone  work,  for  sealing  wells,  &c.  Concrete  is,  however, 
now-a-davs  almost  universally  used  in  works,  but  its  appli- 
cation requires  much  care.  Cement  concrete,  or  concrete  mixed 
with  hydraulic  lime  should  alone  be  used  for  sub-aqueous 
works.  The  manufacture  of  flooriug  and  paving  stones,  curb 
and  plinth  stones,  cornices,  pipos  for  sewago  and  water,  &c., 
in  cement  concrete  is  au  increasing  industry . 

IV. — Timber. 

Timber. — This  expression  is  applied  to  wood  of  a sufficient 
si/e  for  building  or  engineering  purposes  and  is  not  less  in 
girth  than  24  inches.  When  the  wood  is  in  the  living  troo,  it 
is  standing  timber , when  felled,  rough  timber,  and  when  cut  up 
for  use,  simply  timber , or  is  described  according  to  its  dimen- 
sions as  logs,  beams,  balks,  scantlings,  planks  or  boards. 

Structure. — All  timber  trees  proper  are  oxogonous,  that 
is,  they  increase  in  girth  by  addition  to  thoir  oxternal  surfaces 
of  rings  of  young  wood  ; palms  and  trees  of  that  class  are 
endogenous,  because,  though  tho  tree  grows  partly  by  tho  ad- 
dition of  external  layers,  the  fibres  of  the  new  wood  cross  and 
interweave  themselves  with  the  old. 

Time  for  felling  timber.— In  the  spring  the  sap  is 

rising  in  the  tree  until  the  new  leaves  are  formed  : in  the 
autumn  the  sap  descends  and  vegetation  then  ceases  until  the 
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following'  spring.  The  best  time  therefore  for  felling  trees  is 
when  they  are  in  a quiescent  state,  viz.,  in  tropical  climates, 
the  dry  season ; then  the  timber  is  felled ; it  ought  to  be 
squared  so  as  to  expose  it  to  the  air  and  thus  hasten  its 
drying. 

Durable  timber. — The  strongest  timber  is,  in  general, 
that  which  has  grown  most  slowly  as  shown  by  the  narrowness 
of  the  annual  rings.  Darkness  of  colour  in  a wood  is,  in 
general,  a sign  of  strength.  Freshly -cut  wood  should  be  firm 
and  shining.  A chalky  appearance  is  a sign  of  bad  timber. 
The  heavier  specimens  of  a wood  are,  in  general,  more  lasting 
than  the  lighter. 

Preservation  and  protection  of  timber. — Timber 
lasts  longest  when  kept  dry  in  a well- ventilated  place.  Wet 
timber  is  softened  and  weakened,  but  does  not  necessarily 
decay.  Some  timbers  useless  in  air  however  are  very  useful 
under  water ; the  cotton  tree  is  an  example  of  this  class. 
Alternate  wetness  and  dryness  is  bad  for  timber.  Slaked 
lime  destroys  timber.  Timber  has  not  only  to  be  preserved 
from  moisture  and  from  internal  decay  (dry  rot),  but  in  this 
country  from  the  attacks  of  insects.  Many  processes  for 
protection  are  used.  Oil  paint  preserves  timber  from  mois- 
ture, while  saturation  in  chloride  of  zinc,  sulphate  of  copper, 
creosote,  &c.,  preserves  it  against  insects.  The  last-named 
preparation  is  forced  into  the  timber  at  a pressure  of  150 
lbs.  per  square  inch  after  the  air  has  been  extracted  from  it, 
and  the  timber  absorbs  one-ninth  to  one-twelfth  of  its  weight 
of  oil.  Railway  sleepers  are  treated  by  this  process.  The 
chief  woods  which  resist  the  attacks  of  insects  without  treat- 
ment are  teak,  sal,  and  eyne. 

In  building  wood  work  into  masonry  the  following  pre- 
cautions are  necessary.  Beams  must  be  so  fixed  that  no 
chunam  comes  in  contact  with  them.  The  ends  of  beams  must 
rest  on  bed  plates,  the  bearing  surface  of  which  must  be 
thoroughly  dressed.  A clear  space  of  one-half  to  one  inch 
must  be  left  between  the  masonry  and  the  beam  at  sides  and 
top  as  shown  below  : — 
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Joists,  windows,  doors  and  other  wood  work,  where  contact 
with  masonry  is  unavoidable,  should  have  their  surfaeos  in 
contact  coated  with  boiling  coal  tar  before  being  fixed.  All 
exposed  surfaces  of  wood  work  must  either  bo  painted  or 
wood-oiled. 


Building'  Timbers. — The  following  tablo  includes  some 
of  the  moro  useful  building  timbers  and  gives  tho  uses  to 
which  such  timbers  are  put : — 


Botanical 

name. 

Ordinary 

designation. 

Remarks  as  to  description,  use,  &c. 

Acacia 

Babool,  karu 

A yellow-  (lowered  tree  ; grows  rapidly  ; 
thrives  in  poor  soil;  wood  close-grained 
and  tough  ; of  a pale  red  colour  ; used 
for  spokes,  naves  and  felloes  of  wheels, 
ploughs  and  tent  pins. 

Arabics. 

velam. 

Acacia  leuco- 
phlaea. 

V el — velam 

Of  the  same  description  and  used  for 
the  same  purposes  as  the  babool. 

Acacia 

Sirris 

Handsome  foliage  and  sweet-scented 

speciosa 

tree,  suitable  for  avenues  ; the  wood  is 
strong,  hard  and  durable  ; does  not 
crack  or  warp ; used  for  naves  of 
wheels,  pestles  and  mortars. 

Artocarpus 

integrifolia. 

Jack 

Useful  fruit  and  timber  tree  ; the  wood 
is  dry  and  brittle ; suitable  for  house 
carpentry,  tables,  &c.  ; the  wood  is  of 
a yellow  colour. 

Azadarachta 

indica. 

Neem 

Grows  in  the  stoniest  soil ; wood  is  hard 
and  durable  ; used  for  agricultural  and 
building  purposes  ; long  beams  are  not 
obtainable,  but  for  doors  and  door 
frames  it  is  suitable. 

Bainhusa 

Bamboo 

Useful  for  soaffolding,  ladders,  roofing, 
chairs ; can  be  obtained  up  to  60  feet 
in  length  and  8 inches  in  diameter. 
It  is  an  endogenous  timber. 

Berrya 

Trinaomalle 

Indigenous  to  Ceylon  ; Madras  Masoola 

ammouilla. 

wood. 

boats  are  made  of  this ; it  is  useful 
for  furniture,  shafts,  helves,  &c.  ; it  is 
strong,  light  and  flexible. 

Bombax  hepta- 

Red  cotton 

Light  grained  wood  used  for  packing 

phyllum. 

tree. 

cases,  tea  chests,  &c.,  and  does  not 
rot  in  water. 

Borassus 

flabellifor- 

mis. 

Palmyra 

The  leaves  are  used  for  thatching,  mats, 
baskets,  &c. ; the  tiipber,  when  the 
soft  parts  are  removed,  is  durable  and 
used  for  rafters,  joists,  &c- 

Briedelia 

spinosa. 

M ulnvengay. 

A tough -grained,  close,  dtnablo  wood 
suitable  for  well  curbs,  carts,  and  also 
used  for  railway  sleepers. 

Casuarina 

Casnarina 

A fir-like  tree  j furnishes  poles  for 
scaffolding,  &c. 

muricata. 

(chonk). 
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Botanioal 

name. 

Ordinary 

designation. 

Remarks  as  to  description,  use,  <tc. 

Chiokrassia 

One  of  the 

Strong  and  tough  ; liable  to  warp  ; 

tabularis. 

trees  called 
‘ Chittagong  ’ 
wood. 

much  used  for  furniture. 

Cb.loroxlon 

swietenia. 

Satin  wood  ... 

Like  ‘ box  obtainable  in  logs  18  feet 
long  and  6 feet  girth  ; hard  durable 
wood  ; used  for  posts,  rafters,  naves  of 
wheels. 

Cocos 

Cocoauut 

Can  be  used  for  rafters,  posts,  water 

nucifera. 

palm. 

troughs,  &c. 

Daibergia 

Malabar 

Used  for  all  sorts  of  furniture,  gun 

latifolia. 

bla  ckwood. 

carriages,  &o.  ; a most  valuable  timber. 

Daibergia 

sissoo. 

Sissoo 

A beautiful  and  useful  tree  ; best  Indian 
wood  for  Joiners*  work,  tables,  chairs, 
furniture,  &c. 

Diospyros 

ebenum. 

Ebony 

The  heart  wood  is  deep  black  ; used  in 
veneer  and  cabinet  work.  “ 

Emblioa 

officinalis. 

Nellikai 

Useful  for  furniture,  boxes,  veneering 
and  for  well  curbs  ; does~  not  decay 
under  water. 

Euoalyptus  ... 

Blue  gum 

Chiefly  used  for  firewood  ; suitable  for 
scaffolding,  poles,  &c. 

Feronia  ele- 
phant.um. 

Wood  apple ... 

Furnishes  the  gum  known  as  East  India 
gum  arabic ; UBed  in  house  and  cart 
building  and  sometimes  for  railway 
sleepers. 

Fious  indica. 

Banyan 

The  wood  is  light  and  brittle  and  neither 
strong  nor  durable  except  under  water  ; 
it  is  therefore  used  for  well  curbs. 

Ficus 

religiosa. 

Peepul 

Has  similar  characteristics  to  the  ban- 
yan. 

Inga  lucida  ... 

Iron  wood  ... 

This  is  a fine  foliage  tree  ; the  heart 
wood  is  black  and  termed  iron  wood. 

Lagerstroeinia 

Reginas. 

Jarool 

A handsome  flowering  tree  ; the  wood 
is  extensively  used  for  boat,  cart,  and 
house  building,  for  gun  carriages,  &c. 

Mangifera 

indica. 

Mango 

Wood  of  inferior  quality  ; decays  if  ex- 
posed to  -wet ; readily  destroyed  by 
insects  ; unsuitable  except  for  tempo- 
rary purposes. 

Phoenix 

Date  palm 

Trunks  used  for  temporary  revetment, 

sylvestris. 

(wild). 

piling,  &c. 

Pongamia 

glabra. 

Karan  j 

An  excellent  avenue  tree  j the  wood  is 
light,  tough  and  fibrous  ; does  not  take 
a smooth  surface  ; used  for  solid 
wheels. 

Psidinra 

porniferum. 

Guava 

Furnishes  a grey,  hard,  tough  light 
wood ; fine-grained  ; useful  for  wood 
engraving  and  for  handles  for  scienti- 
fic instruments. 

Pterocarpus 

dalber- 

gioides. 

Padawk 

Furnishes  a red  mahoganv-like  timber  ; 
used  for  cart  wheels  and  ordnance 
carriages. 
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Botanical 

name. 

Ordinary 

designation. 

• 

Remarks  as  to  description,  use,  Ac. 

i Santalnm 
album. 

Sandalwood. 

Used  for  making  boxes,  small  articles 
of  ornament ; its  odour  is  a preventive 
against  insects- 

Shorea 

robusta. 

8A1 

The  most  useful  timber  for  engineering 
purposes  ; useful  for  roofs,  ship-build- 
ing,  houses,  sleepers,  Ac.;  the  timber 
is  straight,  strong  and  durable,  but 
it  seasons  slowly. 

Tamarindus 

indica. 

Tamarind 

A haudsome  tree  for  avenues,  wood 
hard  and  close-grained  ; used  for  turn- 
ery, oil-presses,  mallets,  Ac. ; a good 
wood  for  burning  brick  fuel. 

Tectona 

grandis. 

Teak 

The  most  useful  and  durable  timber ; 
it  is  hard  but  light  and  easily  worked, 
porous,  strong  and  durable  ; used  for 
every  description  of  house-building, 
carriages,  ships,  Ac. 

Tertninalia 

arjana. 

Vella  marudu. 

A magnificent  avenue  tree  ; furnishes  a 
dark,  brown,  heaey  wood  suitable  for 
masts,  6pars,  beams,  Ac. 

A valuable  forest  tree  of  Malabar, 
Nagpore  and  Oudh  ; supplies  heavy 
strong,  durable  and  elastic  wood ; 
suitable  for  joists,  beams,  tie-rods ; 
sometimes  sold  as  ‘ 841,’  but  not  equal 
to  that  wood. 

Terminlia 

tomentosa. 

Kyne 

Thespesia 

populnea. 

Portia 

Makes  a fair  avenue  tree  ; timber  not 
much  used  except  for  firewood ; used 
sometimes  for  gun  stocks  and  furni- 
ture. 

V. — Metals. 

The  principal  metals  used  in  buildings  in  India  are  iron, 
ateel  and  zinc. 

Iron. — There  are  tw  o distinct  varieties  of  iron  ; one  is  a 
granulated  or  crystallized  metal,  called  cast  iron,  the  other  is 
a fibrous  metal  or  wrought  iron.  Iron  in  its  various  forms 
is  coming  more  and  more  into  use  daily  in  connection  wdth 
buildings. 

Cast  iron. — Cast  iron  is  of  two  classes,  grey  and  white. 
The  grey  description  is  softer  and  more  easily  fusible  than 
the  white ; the  white,  though  difficult  to  melt,  is  brittle  and 
hard ; grey  is  the  best  for  castings.  Colour  and  texture  are  the 
indications  of  good  cast  iron ; recent  fractures  should  show  a 
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uniform  light  bluish  grey  colour ; if  the  surface  be  mottled  with 
crystalline  patches,  such  castings  are  not  satisfactory.  When 
tested  with  a heavy  hammer  on  their  .edges,  castings  should 
show  slight  indentations  ; splintering  indicates  brittleness  and 
deficiency  in  strength.  Cast  iron  is  hard,  brittle,  readily 
fusible,  but  not  forgeable  or  weldable.  It  is  liable  to  break 
suddenly  without  warning.  Owing  to  the  nature  of  its  pro- 
perties, it  lends  itself  easily  to  the  manufacture  of  monolithic 
and  ornamental  articles,  Birch  as  beams,  pipes  for  water-supply, 
covers  and  gratings  for  manholes,  lamp  posts,  ornamental  rail- 
ings, casings  for  fountains  and  valves,  &c. 

Wrought  iron. — Wrought  iron  is  iron  from  which  the 
silicon  and  carbon  have  been  removed.  A fracture  should 
show  a fine  close  fibrous  structure  free  from  crystallization 
with  a clear  bluish  grey  and  silky  lustre.  Wrought  iron  is 
soft,  malleable,  ductile,  weldable,  easily  tenacious,  stretches 
before  breaking  and  is  not  fusible  except  at  high  temperatures. 
The  principal  forms  of  wrought  iron  are-  — 

Flat  iron 

Square  or  bar  iron  ■ 

Rod  or  round  iron  % 


Tee  iron 

Double  Tee  iron  I 

Angle  iron  |_ 

Channel  iron  |_J 


Steel. — Steel  is  iron,  with  from  | to  per  cent,  of 
carbon.  It  is  coming  into  general  use  as  a building  material, 
as  it  is  daily  becoming  cheaper,  and  is  used  for  girders,  beams, 
rails  and  sleepers  ; it  is  in  general  use  for  machine  tools. 

Weight  . — Cast  iron  weighs  about  451  lbs,,  wrought  iron 
485  lbs.  and  steel  499  lbs.  per  cubic  foot.  In  ‘ Engineering 
notes  ’ will  be  found  the  weights  of  some  of  the  most  useful 
sizes  of  the  various  forms  of  iron. 

Preservatives. — Iron  work  is  prevented  from  rusting 
by  coating  the  surface  with  boiling  tar  or  painting  with  oil 
paint  renewed  from  time  to  time. 

Wrought  iron  joists.— Beams  of  the  I section  are  now 
used  to  a great  extent  in  place  of  wooden  joists  and  beams. 

The  following  table  gives  the  safe  load  distributed  for 
various  spans  of  rolled  iron  beams  : — 
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These  calculations  are  based  on  the  assumption  that  the 
iron  in  tension  will  break  at  20  tons  per  square  inch,  and  the 
safe  loads  are  taken  at  a quarter  the  breaking  weight.  The 
figures  are  theoretically  correct. 

Steel  beams  may  be  taken  as  25  per  cent,  stronger  than 
the  same  section  in  iron. 

Corrugated  iron  is  formed  of  wrought  iron  sheets 
rolled  into  an  undulating  or  wavy  surface  which  adds  much 
to  its  strength  and  stiffness.  It  is  used  for  a variety  of  pur- 
poses, amongst  others  for  roofing,  for  walls  of  latrines,  ware- 
houses and  buildings  of  a semi-permanent  nature.  Corru- 
gated iron  sheets  are  always  coated  with  zinc  to  prevent  rusting 
and  then  they  are  called  galvanized  corrugated  iron  sheets. 
They  are  procurable  in  various  thicknesses  and  aro  usually 
sold  in  sheets  of  6,  7,  8 feet  lengths  and  27  or  32  inches  in 
width. 

Approximate  weights  of  Galvanized  Iron  Sheets. 


Length. 

• 

| 

Sheets  27  inches  wide. 

i 

B.W.G. 

18. 

B.W.G. 

20. 

B.W.G. 

22. 

B.W.G. 

24. 

6 feet 

7 do. 

8 do.  

lbs. 

32 

37i 

43 

LBS. 

25 

30 

34 

LBS. 

% 

20 

234 

264 

LBS. 

16 

19 

214 

Sheets  32  inches  wide. 

| 

jjengtli. 

B.W.G. 

B.W.G. 

B.W.G. 

B.W.G. 

18. 

2°' 

22. 

24. 

LBS. 

LBS. 

LBS. 

LBS. 

6 feet 

384 

30 

24 

194 

7 do.  

444 

36 

28 

23 

8 do.  

514 

404 

32 

26 
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189 


VI. — Paints  and  Varnishes. 

Painting. — Paints  may  bo  obtained  at  small  expense  in 
tins  ready  for  use,  or  in  powders  which  require  to  be  ground 
up  with  oil ; linseed  oil  is  that  most  generally  used.  Caro 
should  be  taken  to  see  that  all  now  wood  work  "to  be  painted 
has  been  cleaned  with  sand  paper  and  pumice  stone  and  all 
projections  and  spots  such  as  are  due  to  glue  or  plaster 
removed.  Nail  heads  should  be  well  driven  and  covered  with 
putty  (whiting  and  linseed  oil).  Every  coat  of  paint  should 
be  perfectly  dry  before  a succeeding  ono  is  laid  on. 

Painting  old  wood  work. — When  old  wood  work  has 
to  bo  paintod,  it  should  be  well  rubbed  down  with  soap  and 
water  or  with  lime  water.  Al'  old  paint  on  any  work  should 
be  removed  before  new  paint  is  laid  on.  This  can  be  done 
by  running  over  it  with  a hot  iron  and  blistering  it,  or  by 
means  of  special  apparatus  for  the  purpose. 

Distempering. — Distemper  work  is  much  used  in  deco- 
rating buildings.  The  chief  difference  botween  distemper- 
ing and  painting  is  that  in  the  former  the  colours  are  mixed 
with  water  instead  of  oil.  It  is  cheaper  but  much  less  durable 
and  will  not  bear  washing. 

Varnishes. — Varnishes  are  resinous  substances  which 
dry  rapidly.  Wood  oil  is  the  most  common  in  use  and  next 
to  it  copal  varnish.  They  aro  used  instead  of  paints  and 
applied  in  a similar  manner. 

(2)  CONSTRUCTION  OF  BUILDINGS. 

To  consider  all  the  most  efficient  and  approved  methods  of 
designing  and  constructing  the  varied  descriptions  of  buildings 
which  appertain  to  sanitary  works  would  roquire  the  limits 
of  this  publication  to  bo  extended  far  beyond  what  is  proposed. 
It  will  be  sufficient  to  describe  details  such  as  aro  found  in 
ordinary  buildings  and  to  add  some  practical  rules  to  guide 
sanitary  authorities  in  proportioning  the  various  parts  of  a 
building  and  aid  them  in  the  selection  and  economical  combi- 
nation of  the  materials  which  have  already  been  described. 

Brickwork. 

Descriptions  of  brickwork. — Two  descriptions  of  brick- 
work are  common  in  this  country,  viz.,  brickwork  in  mud 
or  clay  and  brickwork  with  chunarn  mortar ; in  special  works 
brickwork  in  soorki  or  cement  is  also  used. 
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Brickwork  in  mud  or  clay. — Brickwork  in  clay  may 
be  used  in  the  inferior  class  of  buildings,  such  as  huts,  com- 
pound walls,  &o. ; it  is  not  deficient  in  strength,  but  affords 
an  easy  passage  for  white  ants  to  the  roof  timbers.  It  may  be 
plastered  with  a mixture  of  clay  * and  sand  or  chunam  mortar. 
Mud  walls,  whether  forming  part  of  buildings  or  not,  ought 
always  to  be  coped  with  brick  in  chunam,  and  buildings  with 
mud  walls  should  have  their  eaves  well  extended  as  an  addi- 
tional preventive  again st  rain  entering  at  the  top  of  the  walls. 
In  such  buildings  it  is  also  desirable  to  put  brick  in  chunam 
round  the  windows  and  doors,  to  protect  them. 

Brickwork  in  chunam. — Brick  in  chunam  mortar  is 
superior  to  brickwork  in  clay  in  strength  and  durability  due 
to  the  adhesion  between  the  bricks  and  chunam.  As  a general 
rule,  the  brickwork  of  a building  ought  to  be  carried  up 
uniformly,  thus  preventing  the  building  having  a tendency 
to  sink  more  at  one  place  than  another.  Bricks  ought  to  be 
steeped  in  water  before  being  used,  or  they  are  apt  to  extract 
much  moisture  from  the  chunam  and  thus  tend  to  dry  it  up 
into  dust.  In  building  brickwork  with  chunam,  it  is  always- 
a good  plan  to  keep  the  mortar  floating  on  the  brickwork,  so 
that  it  enters  every  crevice. 

Principles  to  be  observed  in  construction  of 
brickwork. — The  following  principles  ought  to  be  observed 
when  building  with  bricks : — 

(1)  Reject  all  mis-shapen  and  unsound  bricks. 

(2)  Place  the  beds  of  the  courses  as  nearly  perpendi- 
cular as  possible  to  the  pressure  they  will  have  to  bear.  Make 
the  bricks  in  each  course  break  j oint  with  those  of  the  courses 
above  and  below  by  overlapping  to  the  extont  of  a quarter  or 
one-half  of  the  length  of  a brick. 

(3)  Clean  the  surface  of  each  brick  before  using ; wet 
it  thoroughly  before  laying,  in  order  that  it  may  not  absorb 
the  moisture  from  the  mortar  toorapidlv. 

(4)  Fill  every  joint  thoroughly  with  mortar,  taking  care 
the  joint  is  not  more  than  one- quarter  of  an  inch  thick. 

(5)  Use  no  pieces  of  brick  except  where  absolutely  neces- 
sary in  order  to  make  a closure,  that  is,  to  finish  the  end  or 
corner  of  a wall. 

Bonding. — The  greatest  fault  in  Indian  brickwork,  and 
a most  deplorable  one,  is  want  of  ‘ bond’  and  to  this  want 
must  be  attributed  most  of  the  many  disastrous  falls  of  houses, 
huts,  &c.  Bonding  is  the  arrangement  of  the  bricks  in 
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respect  to  one  another,  so  that  no  joint  in  any  course  shall 
be  in  the  samo  vertical  line  as  any  other  joint  in  tho  course 
immediately  above  or  below  it.  The  objoct  of  bond  is  to 
preserve  a transverse  and  a longitudinal  tie  between  every 
portion  of  a structure,  so  that  its  stability  should  bo  practi- 
cally independent  of  the  mortar.  The  difficulty  of  maintain- 
ing proper  bond  when  country  bricks  are  used  is  due,  as  will 
be  pointed  out,  to  the  omission  to  properly  proportion  the 
dimensions  of  the  bricks. 

Stretchers  and  headers. — Bricks  laid  lengthwise  to 
a wall  are  ! cal  led  stretchers,  those  laid  transversely  are  called 
headers.  Each  horizontal  layer  is  called  a courso. 

English  bond. — English  bond  is  obtained  by  laying 
entiro  courses  of  headers  and  of  stretchers.  Sometimes  the 
courses  aro  laid  alternately,  otherwise  the  header  course  is  laid 
after  two,  three  or  four  stretcher  courses.  In  building  this 
bond,  it  must  be  remembered  that  there  are  twice  as  many 
vertical  joints  in  the  header  courses  as  in  the  stretcher  and, 
therefore,  in  order  to  maintain  the  bond,  the  joints  in  the 
header  courses  must  be  made  thinner  than  in  the  stretcher 
courses. 

Flemish  bond. — In  flemish  bond  the  headers  and 
stretchers  occur  alternately  in  the  samo  course  ; there  are  the 
same  number  of  joints  in  each  course. 

Bonding  cannot  be  expected  when  the  bricks  used  are 
not  properly  proportioned  and  where  in  India  walls  are  made 
so  manv  feet  and  inches  thick  independently  of  the  size  of 
the  brick  used,  it  is  generally  impossible  to  got  proper  bond  at 
all.  If  the}  size  of  bricks  available  were  known  beforehand, 
it  would  be  easy  to  specify  walls  of  so  many  bricks  thick  as 
is  the  practice  in  England,  but  even  then  with  bricks  out  of 
proportion  the  bond  will  not  be  good.  Take,  for  instance,  a 
brick  8§"  X 4|",  and  supposo  the  wall  is  to  be  1|  bricks 
thick,  then  proceed  to  lay  the  first  course  thus  in  order  as 
marked  1,  2,  3,  4 : — 
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Now  the  length  (4)  is  81",  and  the  breadth  of  (1)  ia  4J". 
The  bonding  ought  to  proceed  having  all  joints  the  same 
thickness,  but,  8f" — 4^,/  is  4|",  but  as  the  brick  is  4§"  broad 
when  No.  2 brick  is  laid  it  extends  beyond  the  end  of  No.  4 
brick,  and  bond  can  be  maintained  only  by  making  the  joint 
at  ( b ) much  too  large.  The  difficulties  of  effecting  a good 
bond  in  a wall  two  bricks  thick  are  still  greater. 


FIRST  COURSE  SECOND  COURSE 


Four  header  bricks  with  three  joints  measure  4^"  + £•" 
+ 4£"  i"  + 4\"  + r + 4i"  + r « 19".  Two 
stretcher  bricks  = 2 X 8f"  ==  17|,"  thus  leaving  a joint  of 
three-fourths  of  an  inch  between  each  two  stretcher  bricks ; 
if  the  second  course  be  compared  with  the  first  course,  the  first 
course  = 4|  + | -f  8f  + i + 4£  = 18^,  second  course 
= 8f  + 8|  = 17|,  thus  necessitating  down  the  middle  of 
the  wall  a joint  three-fourths  of  an  inch  thick. 

With  bricks  not  properly  proportioned,  it  is  therefore 
extremely  difficult  to  do  good  work. 

Proportions  of  bricks  and  mortar. — A cubic  yard  of 
country  brickwork  requires  on  an  average  about  5 cubic  feet 
of  mortar  (the  amount  is  dependent  on  the  size  of  the  brick) ; 
the  number  of  bricks  required  for  a cubic  yard  varies  with 
their  sizes — 

Bricks  9"  x 4$"  x 3 ; 384  are  required  per  cubic  yard. 
Do.  9"  x 4|"  x 2±";  512  do.  do.” 

The  following  is  from  a recent  experiment : — 

Number  of  cubic  feet  of  brickwork 

g^g = Number  of  tons  of 

cement  required 
where  sand  to  ce- 
ment is  in  propor- 
tion of  3 to  1. 
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Number  of  cubic  feet  of  brickwork 
4 

Number  of  cubic  feet  of  brickwork 
12 


N umber  of  cubic  feet 
of  sand  do. 

Number  of  cubic  feet 
of  cement  do. 


Stone  Masonry. 

Classes  of  Masonry. — For  engineering  purposes, 
masonry  may  be  classed  as  ashlar,  coursed  rubble,  common 
rubble. 

Ashlar. — Ashlar  masonry  consists  of  blocks  cut  to  regu- 
lar figures  and  built  in  courses  of  uniform  depth.  The  breadth 
of  each  stone  ought  to  bo  not  less  than  one  and-a-half  times 
its  height.  The  bed  and  side  joints  in  this  class  of  masonry 
are  dressed  to  piano  surfaces. 

Coursed  rubble  consists  of  a series  of  horizontal  coursos 
not  exceeding  1 foot  in  depth,  each  levelled  before  another 
course  is  put  on,  the  joints  are  not  necessarily  vortical.  One- 
fourth  part  of  the  face  should  be  header  stones,  the  spaces  be- 
tween which  are  filled  in  with  stones  of  a height  requiring 
one  or  two  to  the  depth  of  a course.  These  headers  should 
have  a breadth  one  and-a-half  times  their  depth,  and  their 
length  should  bo  three  to  five  times  their  depth.  The  headers 
ought  to  be  laid  from  alternate  sides  of  the  wall  and  bond 
with  each  other.  Masonry  of  this  kind  roquires  about  5 k 
cubic  feet  of  mortar  per  cubic  yard  of  masonry. 

Common  rubble  differs  from  coursed  rubble  in  not  being 
built  in  regular  courses,  the  building  must,  however,  be  very 
carefully  done  to  obtain  strong  work. 

Beds  and  joints. — The  face  of  a stone  is  its  outer  sur- 
face exposed  to  view,  and  is  usually  dressed ; the  back  is  tho 
side  opposite  to  the  face;  the  bed  of  a stone  is  the  surfaco 
parallel  to  the  layers,  but  this  term  is  also  applied  to  the 
joints  between  the  stone,  the  horizontal  joints  being  called  bed 
joints. 

Foundations. 

Preparation  of  foundation. — Before  commencing  to 
rear  any  structure,  a strong  unyielding  foundation  must  be 
obtained  or  constructed.  Tho  examination  of  structures  ad- 
joining tho  site  of  a proposed  building  will  be  some  guide  to 
the  depth  of  foundation  necessary.  As  a rule,  tho  surface  soil 
must  be  cleared  to  a depth  of  2 to  5 feet,  and  the  foundations 
should  always  be  broader  on  softer  than  on  harder  strata ; 
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in  very  soft  ground  it  is  well  to  use  concrete  which  forms 
an  excellent  bed  for  a foundation  when  carefully  laid.  The 
concrete  bed  must  extend  6 inches  on  each  side  of  the  masonry 
resting  on  it,  and  it  must  not  be  less  than  12  inches  in  thick- 
ness. In  many  instances,  the  foundation  may  have  to  be  con- 
structed on  wells  or  inverted  arches,  but  a certain  amount  of 
trained  engineering  skill  is  necessary  in  such  cases,  and  such 
expedients  therefore  need  not  be  further  referred  to. 

Maximum  pressure  allowable. — The  pressure  of  the 
foundations  of  a building  on  firm  earth  is  usually  between  2,500 
lbs.  and  3,500  lbs.  to  the  square  foot  or  from  17  to  24  lbs.  to 
the  square  inch. 

Breadth  of  foundation. — To  prevent  this  weight  being 
exceeded,  and  for  other  reasons  in  regard  to  stability,  it  is  neces- 
sary to  spread  out  the  foundations  ; a good  rule  is  to  make  the 
breadth  of  the  base  of  the  foundation  courses  one  and  one-half 
times  the  thickness  of  the  wall  when  the  soil  is  compact  gravel 
and  twice  that  thickness  in  sand  or  clay.  For  example,  take 
a wall  18  inches  thick  and  30  feet  high,  then  as  brickwork 
weighs  112  lbs.  per  cubic  foot,  1 foot  of  length  of  the  wall 
would  weigh  5,040  lbs.,  and  this  weight  would  press  on  an 
area  lx  1^=1^  square  feet,  so  that  the  pressure  would,  in 
such  case,  be  3,360  lbs.  which  is  slightly  below  the  maximum 
limit.  Nevertheless  it  is  advisable  to  have  footings,  and  the 
rule  above  quoted  should  be  observed ; it  is  always  better  to 
err  on  the  safe  side. 


FIG.  2 


FIG.  i 
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Construction  of  foundation  courses. — One  point  to 
bo  most  carefully  observed  in  constructing  brick  foundations  is 
this,  that  the  footings  ought  to  be  widened  out  only  to  the  extent 
of  2}  inches  at  a time.  By  referring  to  the  above  sketches, 
it  will  be  soen  that,  while  the  bond  in  Fig.  1 is  perfect,  that 
iu  Fig.  2 is  had,  tho  vertical  joints  occurring  one  above  the 
other  in  alternate  courses  and  tho  bricks  a and  a are  of  no 
use  whatever.  Taking  each  foundation  with  tho  same  num- 
ber of  courses,  and  with  tho  same  bottom  breadth,  it  will  be 
found  impossible  to  arrange  the  bricks  satisfactorily  with  4£" 
steppings.  When  constructing  stone  foundations  the  breadth 
of  the  steppings  ought  in  no  case  to  exceed  one-fourth  the 
average  length  of  the  header  stones. 

Sand  foundations. — Instead  of  founding  on  concrete  a 
good  thick  layer  of  sand  may  sometimes  be  used,  but  in  such 
case  the  trench  should  also  be  filled  w'ith  sand  laid  in  layers 
one  foot  thick  and  well  rammed. 

Foundations  in  black-cotton  soil. — Black-cotton 
soil,  which  is  found  iu  many  parts  of  India,  is  a peculiar 
black  earth  which  swells  during  the  rains  and  shrinks  during 
tho  dry  weather.  When  it  shrinks,  deep  cracks  appear  on  the 
surface.  Owing  to  these  changes  great  care  has  to  be  exer- 
oised  in  building  on  black-cotton  soil. 

The  following  methods  of  founding  buildings  on  the  soil 
are  recommended  * : — 

(1)  When  the  soil  is  of  small  depth,  excavate  the  whole 
of  it  over  an  area  slightly  larger  than  that  of  the  proposed 
building  which  will  then  be  founded  on  tho  harder  sub-soil, 
the  spaces  round  and  botween  the  walls  being  filled  with  sand 
or  othor  sound  material  that  may  bo  available.  In  tho  case 
of  small  and  cheap  buildings,  the  black-cotton  soil  may  be  left 
within  the  walls,  provided  that  there  is  a layer  of  at  least  12 
inches  of  good  material  between  the  floor  and  tho  top  of  the 
black -cotton  soil. 

(2)  When  the  depth  of  the  black-cotton  soil  is  such  as  to 
render  the  above  method  costly,  the  walls  may  be  supported 
on  jack  arches  springing  from  pillars  sunk  to  the  firm  sub-soil. 
The  pillars  should  bo  as  few  as  possible,  but  they  should  be 
sufficiently  strong  to  support  the  superstructure.  The  whole 
area  about  2 feet  wider  on  all  sides  than  the  building  should 
bo  excavated  down  to  the  level  of  the  springing  of  tho  arches 


* Vide  Minutes  of  Proceedings  of  tho  Institution  of  Civil  Engineers, 
yol.  cxiii. 
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and.  filled  with  good  materials  as  described  before.  The  crown 
of  the  arches  must  be  below  ground  level. 

(3)  When  the  depth  of  the  soil  is  too  great  to  admit  of 
either  of  above  methods  being  practised,  the  best  method  is  to 
excavate  an  area  little  larger  than  the  proposed  building  to 
a depth  of,  say,  10  feet  and  then  fill  in  the  excavated  area 
with  good  material  to  a height  of  about  5 feet  and  build  the 
foundations  thereon.  Another  method  is  to  use  iron  frame 
work  to  support  the  roof  and  make  the  walls  simply  screen 
walls.  Old  rails  may  be  used  for  the  uprights,  set  in  concrete 
bases  3 feet  or  4 feet  deep  and  connected  at  the  top  with  one 
another  and  with  the  roof  trusses. 

Protection  of  foundations  against  scour. — When 
constructing  road  culverts  or  other  works  exposed  to  scour, 
special  means  must  be  taken  to  protect  their  foundations  from 
the  heavy  rushes  of  water  which  may  have  to  pass  through 
them,  and  this  may  be  done  by  either  an  inverted  arch  or  a 
flat  floor  between  the  abutments  and  by  protecting  them  by 
curtain  walls  and  at  their  down  stream  side  by  an  apron. 
The  following  is  a sketch  of  a road  culvert  constructed  in  that 
manner : — 


a Flooring 
b Curtain  -wall 

c Apron 
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Thickness  of  walls  of  buildings.— The  proper  thick- 
ness for  a wall  of  a building  depends  on  the  materials  used 
and  the  weight  to  be  supported.  In  England  walls  are  some- 
times made  as  little  as  half  a brick  in  thickness,  but  in  India 
such  thin  walls  are  not  suitable;  in  buildings  they  would  allow 
of  heat  passing  through  them  and  they  would  not  exclude 
continuous  damp.  Walls  in  India  are  often  unduly  thick  ; 
if  it  be  remembered  that  a pucca  wall  lj  bricks  thick  will 
carry  almost  anything,  there  should  be  good  reasons  given 
before  anything  above  that  thickness  is  allowed.  With 
inferior  materials,  of  course,  walls  must  be  thicker.  Taking 
800  lbs.  per  inch  as  the  crushing  resistance  of  good  masonry 
and  120  lbs.  per  cubic  foot  as  its  weight,  a wall  must  bo 

S-T2SJii  = 060  feet  high  before  it  will  crush  with  its  own 

I u\J 

weight ; with  a factor  of  12,  the  result  would  be  80  feet. 

In  long  walls,  where  there  are  no  cross  walls,  buttresses 
should  be  introduced.  Buttresses  8 to  12  feet  apart  and.  from 
one  and  one-half  times  the  thickness  of  the  wall  arc  sufficient. 

Prevention  of  Damp. — All  important  matter  is  to  pre- 
vent damp  rising  from  the  ground  through  walls.  The  result  of 
damp  is  that  the  materials  of  walls  and  buildings  are  saturated 
with  nitrous  salts,  which  rising  above  the  ground  evaporate 
their  moisture  and  then  crystallize.  Their  bulk  is  increased, 
they  burst  and  disintegrate  the  brickwork  and  cause  the  plaster 
to  crumble  away.  To  prevent  this,  a damp  proof  course  is 
necessary  ; this  ought  to  be  placed  just  above  the  plinth  of  tho 
building  or  a foot  or  two  above  ground.  For  this  purpose 
may  be  used  asphalte  or  slate,  a thick  layer  of  strong  cement 
concrete,  sheet  lead,  &c.  If  cheapness  is  a consideration,  a 
substitute  may  bo  found  in  laying  tho  course  in  good  bricks 
saturated  with  hot  tar,  tho  joints  also  being  filled  up  with  the 
same  substance.  A damp  proof  course  also  excludes  white  ants. 

Brick  on  edge  floors. — In  Southern  India  floors  for 
pucca  buildings  are  ordinarily  of  one  of  these  three  descrip- 
tions, viz.,  brick  on  edge  floors,  square  brick  floors,  or  brick  jelly 
floors.  In  all  cases,  however,  it  is  necessary  that  the  floor 
should  be  properly  levelled  and  thoroughly  consolidated  by 
ramming  the  surface  of  tho  foundation,  which  should  be  at 
least  12  to  15  inches  below  the  level  of  the  surface  of  the 
intended  floor  ; about  6 inches  of  sand  should  be  laid,  then  two 
courses  of  bricks  laid  flat,  the  upper  in  mortar,  then  brick  on 
edge,  which  ought  to  be  carefully  laid  in  straight  lines  with 
joints  as  fine  as  possible.  After  the  bricks  on  edge  have  been 
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laid,  tlio  joints  ought  to  he  roughly  filled  with  chunam  and 

Square  brick  floors. — Square  brick  floors  arc  simi- 
larly constructed,  these  bricks  taking  the  place  of  the  bricks 
on  edge.  The  paving  bricks  ought  to  be  pointed  with  cement. 
A superior  floor  is  obtained  by  the  use  of  the  oiled  pressed 
tiles  already  spoken  of. 

Jelly  floors. — 111  brick  jelly  floors,  the  brick  jelly,  which 
should  be  broken  to  a uniform  size  not  larger  than  will  pass 
through  a one-incli  ring,  is  thoroughly  incorporated  with 
mortar,  well  turned  over,  laid  down  on  the  top  of  the  flat 
courses  of  bricks  and  then  well  beaten  and  rammed.  This 
will  bring  the  fine  particles  of  mortar  to  the  surface  which 
ought  to  be  rubbed  smooth  and  polished,  and  a further  skin 
of  plaster  may  then  be  laid  on. 

Stone  floors.— Stone  may  be  used  in  place  of  square 
bricks,  and  in  such  caso  may  be  bedded  directly  on  sand  or 
on  brick  jelly  mixed  with  chunam.  The  stones  should  be 
comparatively  flat  on  their  lower  beds  or  they  will  cant. 
Cuddapah  slabs  make  excellent  floors. 

Cemented  floors. — Cemented  floors  are  very  durable 
and  much  cheaper  than  stone  paving.  They  are  useful  in  all 
sorts  of  buildings  and  structures.  They  can  be  made  rough 
or  smooth  or  even  finely  polished  if  necessary.  The  floor  is 
prepared  with  concrete  as  in  ordinary  jelly  floors,  but  all  super- 
fluous mortar  is  scraped  away  from  the  surface,  leaving  it 
rough.  The  concrete  must  then  be  allowed  to  set  for  some 
time  say  a month  if  possible  but  at  least  1 5 days,  otherwise 
cracks  will  appear  in  the  cement  coating.  The  surface  should 
then  be  cleaned,  damped  and  plastered  with  cement  as  already 
described.  The  floor  should  he  kept  covered  with  wet  grass 
for  ten  days. 

Asphalte,  a bituminous  limestone  (the  calcareous  matter 
to  bitumen  being  in  the  proportion  of  83  to  17),  is  useful  for 
damp  proof  coursos,  floors,  terraced  roofs,  pavements,  &c. ; for 
roofs  and  floors,  three-fourths  inch  thickness  is  sufficient,  for 
pavements  from  H to  2 inches.  The  preparation  of  asphalte 
consists  in  breaking  it  into  small  pieces  of  about  ^ lb.  each. 
Those  aro  heated  in  a boiler  and  the  wdiole  constantly  stirred 
until  liquid.  Sand  is  then  added  in  the  proportion  of  two 
parts  of  sand  to  one  of  asphalte.  The  asphalte  is  laid  hot 
and  slips  of  wood  or  iron  of  the  thickness  of  the  proposed 
covering  are  placed  so  as  to  divide  the  space  to  be  covered 
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into  squares  or  rectangles.  This  prevents  the  asphalto  spread- 
ing and  ensures  a level  floor.  Tlio  asphalte,  as  poured  out,  is 
evenly  spread  with  a plasterer’s  float.  Before  the  asphalte  sets 
hard,  fine  sand  should  be  sprinkled  over  it  and  well  rubbed  in. 

Upper  floors. — Tlio  descriptions  above  relate  to  lower 
floors  and  not  to  those  of  upper  stories.  These  must  he  of 
wood  or  of  terraced  work  over  which  stone,  asphalte  or  cement 
is  laid  ; the  manner  of  forming  terraced  floors  is  the  same  as 
that  employed  for  terraced  roofs,  described  a few  paragraphs 
further  on. 

Stairs  and  steps. — Stairs  are  an  assemblage  of  stops. 
A step  consists  of  a tread  and  a riser  combined  ; the  horizontal 
part  is  tho  tread,  the  vertical  portion  tho  riser.  The  tread  of 
a stop  should  be  from  9 inches  to  15  inches,  the  rise  about  5 \ 
inches  to  7 inches.  If  tho  height  between  two  floors  of  a 

building  be  14  feet,  then  there  will  be  — *--2 = 28  steps,  G inches 

deep.  A stair-case  must,  therefore,  bo  so  designed,  that  the 
length  of  the  path  of  the  centre  equals  tlio  number  of  tho 
risers  less  one  multiplied  by  the  breadth  of  the  proposed  tread ; 
suppose  tho  tread  in  the  above  caso  to  be  one  foot,  then 
(28 — l)xl=27  feet,  which  must  be  the  least  total  length 
along  the  centre  of  the  stair-case.  The  breadth  of  a stair- 
case ought  not  to  be  less  than  4 feet  6 inches. 

Roofs. — Indian  roofs  are  of  two  kinds — flat  or  terraced 
and  pent  or  inclined.  The  span  of  a roof  is  the  distance  be- 
tween the  w'alls  or  supports. 

Inclined  roofs. — 111  an  inclined  roof,  the  pitch  is  tho 
height  to  which  it  rises  in  the  centre  above  its  supports.  The 
pitch,  in  India,  is  usually  one-third  of  the  span ; it  ought  never 
to  be  less  than  one-sixth  nor  greater  than  one-half  the  span  ; 
in  tho  former  case  wind  is  apt  to  get  under  the  tiles  or  thatch 
and  rain  to  leak  through  the  roof,  while  the  latter  presents  a 
great  surface  to  the  wind  and  rain  may  be  blow*n  in  through 
the  tiles  or  thatch  ; the  roof  covering  is  also  apt  to  slip  off. 

Terraced  roofs  are  nearly  flat  having  only  sufficient 
slope  on  their  upper  surface  to  carry  off  rain  water.  The 
foliowingis  the  manner  of  constructing  and  repairing  terraced 
roofs  : — If  the  width  of  the  room  does  not  exceed  14  feet,  the 
joists  are  laid  across  at  intervals  of  15  to  18  inches  ; but  if 
the  width  is  greater  than  this,  it  is  usual  to  divido  the  room 
into  two  or  more  portions  by  beams  resting  on  the  two 
walls  which  include  the  width  ; the  joists  arc  laid  at  equal 
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intervals  across  these  beams  and  at  right  angles  to  them.  A 
course  of  bricks  on  edge  in  cliunam  is  then  laid  diagonally  over 
the  joists,  and  when  this  has  set,  it  is  covered  with  a layer  of 
brick  jelly,  3 inches  thick,  which  must  be  well  beaten  down. 
This  should  bo  allowed  to  remain  for  a few  days  in  order  to 
harden,  and  then  three  courses  of  flat  tiles  are  laid,  each  tile 
in  the  two  under  courses  being  6 ' x 3"  X §",  in  the  upper 
coarse  6"  X 6"  x ; these  tiles  are  wetted  before  being 
laid,  and  each  course  breaks  joint  with  that  beneath  it.  The 
roof  is  finished  off  on  the  outside  with  three  coats  of  plaster 
carefully  applied  and  well  rubbed  to  a polished  surface.  A 
parapet  wall  with  a few  openings  in  it  to  discharge  rain  water 
is  built  around  the  roof  on  the  outer  walls  ; a landing  wall  is 
built  over  each  cross-  wall  in  the  building  to  secure  the  ends 
of  the  joists. 

Where  the  joists  rest  on  the  wall,  the  space  between  each 
pair  is  built  up  with  masonry  ; when  they  are  supported  on 
beams,  the  spaces  between  the  beams  and  terrace  are  closed 
with  slips  of  wood  half  an  inch  thick.  The  thickness  of  an 
ordinary  terrace  roof  is  about  8 inches,  thus  made  up  : Brick 
on  edge  3 inches,  brick  jelly  3 inches,  beaten  down  to  about 
2 inches,  fiat  tiles  2 inches,  plaster  1 inch. 

The  weight  of  a terraced  roof  may  be  taken  at  70 
lbs.  per  square  foot,  and  allowing  30  lbs.  per  square  foot  for 
accidental  load,  the  pressure  on  each  joist  may  be  estimated  at 
100  lbs.  for  each  square  foot  of  roofing  it  supports. 

Rules  for  sizes  of  joists  and  beams.— A common 
rule  for  scantlings  is  to  give,  for  every  foot  of  unsupported 
length  in  a beam,  one-half  inch  of  breadth  and  three-quarters 
of  an  inch  of  depth. 

A beam  or  joist  should  never  be  laid  on  its  broad  side, 
but  always  with  its  greatest  dimension  vertical.  When  a deep 
but  narrow  boam  is  used  to  span  a largo  opening,  it  will  bo 
necessary  to  secure  it,  so  that  its  greatest  dimension  shall 
always  be  truly  vertical,  as  it  would  be  greatly  weakened  bv 
any  turning  of  the  beam  in  the  middle  of  its  length  tending 
to  throw  it  out  of  that  position.  JR  oof  beams  arc  now  fre- 
quently constructed  of  rolled  iron  which  is  more  durable  than 
wood. 

Arched  roofing,  — ilus  is  a fireproof  construction  of 
concrete  or  brick  archwork  in  combination  with  iron.  Owing 
to  the  absence  in  its  construction  of  absorptive  material  like 
wood,  its  use  is  recommended  for  hospitals,  &c.  The  roof  mav 
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ho  formed  either  of  a single  arch  or  a series  of  arches  resting 
on  rolled  iron  beams.  Where  a large  area  has  to  bo  covered, 
tfio  latter  method  is  preferable. 

The  following  is  an  example  of  a roof  covering  a room 
J 4 ' x 22':— 


Tho  end  arches  aro  tied,  in  the  manner  shown  above,  fo 
relieve  lateral  thrust  against  the  walls.  The  rise  of  the  arch 
should  not  bo  loss  than  1 inch  to  a foot  of  span,  nor  need  it 
be  more  than  1 1 inches  per  foot  of  span.  The  best  spacing 
for  girders  is  from  4 to  5 feet.  Tho  arches  aro  covered  over 
with  a depth  of  3 inches  concrete  over  crown.  Tho  prof^r 
dimensions  for  the  rolled  beams  will  be  found  in  a table  on 
a preceding  page. 

Repairs  to  terraced  roofs. — Cracks  in  terraced  roofs 
are  generally  caused  either  by  the  sagging  of  tho  boams  or  by 
tho  sinking  of  tho  supporting  walls.  Another  cause  of  lcakago 
is  found  in  the  careless  manner  in  which  tho  roofs  aro  made  ; 
in  some  instances  tho  only  protection  against  lcakago  is  tho 
polished  film  of  plaster  on  the  exterior  which  is  readily  broken, 
especially  when,  as  often  happens,  tho  roof  is  used  as  a pro- 
menade. To  prevent  lcakago  as  much  as  possible,  none  but 
iron  beams,  or  well-seasoned  timber,  of  a proper  scantling, 
should  bo  used,  and  every  course  in  tho  roof,  whether  brick  on 
edge,  jelly,  or  tiles,  should  bo  carefully  laid.  Cracks,  when 
small,  are  repaired  by  filling  them  up  with  a composition  that 
hardens  on  exposure  or  by  covering  them  with  a piece  of 
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coarso  cloth  covered  with  tar.  The  compositions  used  to  fill 
the  cracks  arc — 

1.  Aspkalte. 

2.  Tar  and  resin. 

3.  Linseed-oil  (2  seers),  resin  (2  seers),  pumice  stone 

(1  seer). 

4.  Cotton  (2  oz.),  slaked  lime  (20  lbs.),  linseed- oil -(10  lbs.)- 

The  rosin  and  pumice  stone  must  ho  ground  to  a fine 
powder,  and  the  cotton  cut  up  very  fine.  The  ingredients 
should  he  thoroughly  mixed,  and  (4)  should  he  ground  to 
the  consistency  of  paste.  The  composition  is  poured  into  the 
crack,  and  allowed  to  extend  a few  inches  on  each  side  of  it. 
A simple  and  effective  plan  is  to  prepare  milk  of  lime  and 
slowly  pour  it  into  a crack.  The  water  will  evaporate  and 
the  crack  he  filled  with  lime.  Sometimes  a row  of  pan-tiles 
is  used,  the  convex  side  uppermost,  to  cover  the  crack  and 
coated  over  with  plaster  or  tar.  When  the  roof  is  cracked  in 
many  places,  the  best  and  cheapest  way  to  repair  it  is  to  cover 
the  outer  surface  with  a thin  coat  of  asphalte.  The  thickness 
of  the  layer  need  not  exceed  a quarter  inch,  and  more  sand 
than  is  used  for  a floor  may  ho  advantageously  mixed  with 
the  asphalte.  The  additional  weight  per  square  foot  will  not 
exceed  2 lhs. 

Bengal  roofs. — The  most  simple  form  of  sloping  roof  is 
the  Bongal  terraced  roof.  This  roof,  which  is  often  used  for 
covering  verandahs,  is  thus  constructed  ; rafters  are  made 
to  enter  the  main  wall  of  the  building  about  9 inches,  and 
slightly  sloping  downwards,  arc  fixed  at  their  opposite  ends 
to  a wall  and  wall  plate  or  spiked  to  a bressummer  supported 
on  verandah  pillars ; the  rafters  are  placed  at  equal  intervals 
of  12  or  18  inches  from  contrc  to  centre.  Keepers  or  laths 
6 inches  apart  from  centre  to  centre,  two  inches  wide  and 
half  an  inch  thick  are  nailed  to  the  upper  surface  of  the 
rafters  at  right  angles  to  their  direction ; on  those  a course 
of  flat  tiles  (6"  x 3|"  x f ")  is  laid,  with  mortar  between  the 
joints.  The  roof  is  then  completed  in  various  ways,  one  being 
to  lay  two  courses  of  flat  tiles  in  mortar  over  tliis  course  and 
finish  off  with  two  or  three  coats  of  plaster  well  rulibod  down  • 
the  top  course  may  be  of  thin  tiles  (half  inch  thick).  Another 
method  is  to  place  a layer  of  fine  jelly  1|  inches  thick  over 
tho  first  course  of  tiles,  then  a second  course  of  tiles,  andlastly 
two  or  three  coats  of  plaster  well  rubbed  down.  The  tiles 
should  bo  wetted  before  being  laid ; those  next  the  wall 
should  enter  it  a few  inches  to  prevent  leakage  at  the  i unction 
of  the  roof  and  wall. 
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• Size  of  timber  in  Bengal  roofs. — A common  rule  is 
to  give  to  the  rafter  one-quarter  inch  of  breadth  and  one-half 
inch  in  depth  for  every  foot  clear  in  the  width  of  the  span 
and  to  the  bressummers  one-half  inch  of  breadth  and  three- 
quarters  of  an  inch  in  depth  for  every  foot  length  in  the 
clear.  The  rafters  should  project  12  or  18  inches  beyond  the 
pillars  or  lower  wall.*  The  slope  to  be  given  to  these  roofs 
need  not  exceed  1 in  4 ; in  general  1 in  G will  be  found  suffi- 
cient. Cracks  in  these  roofs  are  repaired  in  the  same  manner 
as  those  in  a flat  terrace  roof. 

Pent  roofs. — For  rectangular  buildings  the  roof  may 
consist  of  two  planes  equally  inclined  terminating  in  the  ridge 
half  way  between  the  two  supports  or  walls.  The  roofs  may 
be  continued  to  the  ends  of  the  building,  and  the  walls  built 
up  in  the  form  of  gables,  or  planes  equally  inclined,  may  start 
from  those  end  walls  meeting  the  ridge,  in  which  case  the  roof 
is  called  a hipped  roof,  while  the  former  is  known  as  a gabled 
roof.  The  roofs  are  supported  by  frames  of  various  descrip- 
tion known  as  trusses,  the  different  parts  of  which  are  pro- 
portioned from  a consideration  of  the  strains  affecting  them ; 
it  is  beyond  the  scopo  of  this  work  to  go  into  the  theory  of 
their  construction.  The  trusses  may  be  formed  of  either  wood 
or  iron. 

Tiled  roofs. — III  ordinary  tiled  roofs  the  first  course  con- 
sists of  flat  tiles  6 x G " x pointed  with  moitar  and  laid 
over  the  reepers.  Pan-tiles  are  then  laid  over  them  in  rows 
with  the  concave  sides  uppermost,  touching  each  other  from 
top  to  bottom.  These  tiles  are  smaller  at  one  end  than  the 
other  so  as  to  overlap,  which  they  should  do  to  the  extent  of 
not  less  than  one-quarter  their  length.  A second  course  jys 
then  laid  convex  side  uppermost  overlapping  each  other  and 
so  as  to  cover  the  intervals  between  the  first  course.  The 
ridges  and  hips,  if  any,  are  covered  by  tiles  of  triangular 
section  specially  made  ; these  arc  laid  in  mortar.  The  ridges 
may  also  be  covered  with  plaster  6 to  12  inches  in  width 
and  similar  bands  of  plaster  may  bo  laid  down  the  sides  of  the 
roof,  the  strips  being  from  2 to  3 feet  apart ; these  arc  called 
cliunam  borders. 

Repairs  to  tiled  roofs. — 'When  an  ordinary  tilod  roof 
leaks,  unless  it  is  only  in  a very  small  portion  which  can  be 
repaired  by  replacing  one  or  two  tiles  without  interfering  with 
the  others,  it  is  better  to  remove  all  the  tiles.  Shifting  a 
portion  only,  of  the  tiles  causes  more  leaks  owing  to  the  lower 


* This  forms  the  eaves,  and  carries  rain  water  clear  of  the  walls. 
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tiles  of  the  sound  portions  getting  broken  during  the  process. 
An  estimate  for  repairs  ought  to  provide  for  shifting  tiles,  new 
chuuam  borders,  one-fourth  pan-tiles,  and  one-third  fiat  tiles. 
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Mangalore  tiled  roofs. — The  advantages  claimed  for 
Mangalore  tiles  arc  (1)  appearance,  (2)  comparatively  small 
weight,  (3)  adaptability  to  roofs  of  flat  slopes,  (4)  simplicity 
and  case  of  arrangement,  (5)  immunity  from  annual  repairs, 
(6)  facility  of  repairs  when  necessary,  and  (7)  economy. 

Mangalore  tiles  are  interlocking.  They  are  large  and 
well-made  tiles.  Their  extreme  dimensions  are  1 foot  4^ 
inches  in  length  and  9 inches  in  width.  Each  has  a groove 
at  the  side  into  which  a corresponding  projection  on  the  next 
tile  fits.  At  the  top  each  has  a groove  corresponding  with  a 
projection  at  the  bottom  of  the  tile  immediately  above  it. 
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In  addition  to  these  grooves  and  projections,  the  free  ends  of 
the  tiles  butt  against  two  projections  or  tenons  on  the  top  of 
the  tiles  just  below  them.  The  tiles  rest  on  reepors  placed 
12  inches  from  centre  to  centre,  and  are  prevented  from 
sliding  down  by  two  nibs  on  their  under  side  by  which  the 
tiles  are  hung  from  the  reepers.  The  lap  at  the  top  is  U 
inches,  while  the  lateral  lap  is  only  one  inch.  As  the  tiles 
fit  into  one  another  perfectly  and  form  water-tight  joints,  the 
abovo  lap  is  quite  sufficient  to  prevent  tho  rain  driving  under- 
neath them.  Tho  available  area  of  each  tilo  for  roof  covering 
is  1 foot  by  8 incites.  These  tiles  will  lie  very  closely,  and 
the  weight  of  each  is  such  that  it  is  almost  impossible  for  the 
wind  to  strip  them.  The  body  of  the  tiles  is  only  three-eighths 
of  an  inch  thick,  but  the  projections  at  the  sides  and  ends 
impart  to  them  a great  deal  of  strength.  To  add  to  their 
strength  still  further  they  have  ribs  at  the  two  sides,  of  which 
one  has  the  groove  abovo  named,  and  the  other  has  spoon- 
shaded  indentations,  which  reduce  the  weight  of  the  tiles 
without  interfering  with  the  strength  of  tho  ribs. 

(1)  Appearance. — In  appearance  and  effect  Mangalore 
tiles  possess  an  acknowledged  superiority  over  the  ordinary 
roof  coverings  of  this  country.  Their  even  surfaces  and  sym- 
metrv  of  arrangement  contrast  very  favourably  with  tho 
rugged,  uneven,  and  crooked  arrangement  of  the  pan-tiles. 
There  is  a practice  in  some  places  of  coating  the  top  or  exposed 
surface  of  these  tiles  with  tar.  Tho  object  of  coating  tho  tiles 
with  tar  is  (1)  to  make  them  less  impervious  to  rain  water ; 

(2)  to  prevent  the  growth  of  vegetation  on  their  surface ; 

(3)  to  protect  them  from  tho  action  of  weather  and  abrasion 
caused  by  the  driving  of  rain.  These  objects  can  be  gained 
by  other  means  which,  with  a little  more  cost,  will  retain  the 
beauty  of  the  roof.  A good  effect  can  be  produced  by  painting 
the  tiles  a brown,  grey,  or  bathstone  colour  with  silicate  paints. 
Neither  tarring  nor  painting  is  however  absolutely  necessary 
to  keep  the  tiles  in  a good  state  of  preservation.  There  are 
roofs  existing  which  were  erected  some  20  years  ago  on  the 
first  introduction  of  these  tiles.  Time  and  weather  seem  to 
have  made  no  impression  on  their  surface  except  to  give  them 
a weathered  appearance. 

(2)  Weight. — Each  Mangalore  tile  weighs  on  an  average 
5|  lbs. ; 150  tiles  go  to  make  a square  of  roofing  and  weigh 
about  8 cwt.  The  same  area  of  roofing  with  ordinary  tiles 
weighs  about  18  cwt.  exclusive  of  the  chunam  borders.  Man- 
galore tiles  are  by  far  the  lightest  of  all  those  yet  introduced 
in  India. 
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(3)  Adaptability  to  roofs  of  flat  slopes. — Mangalore  tilea 
can  be  laid  at  a much  flatter  slope  than  ordinary  tilea.  In 
Mangalore,  where  the  annual  rainfall  is  about  150  inches, 
almost  the  whole  of  which  falls  in  about  two  or  three  months, 
the  pitches  of  the  roofs  vary  from  33°  to  26°.  In  Madras 
where  the  average  of  rainfall  for  the  last  70  years  is  48‘71 
inches  and  distributed  over  a longer  period,  roofs  can  be  laid  at 
a much  flatter  slope  than  26°  when  necessary.  This  feature 
of  the  tiles  coupled  with  their  lightness  fits  them  excellently 
for  store  sheds,  warehouses,  factories,  &c.,  especially  for  the 
last  class  of  buildings  ; where  there  is  smoke  such  roofs  are 
preferable  to  corrugated  iron,  as  the  latter  deteriorates  very 
rapidly  in  such  situations. 

(4)  Simplicity  and  ease  of  arrangement. — Mangalore  tiles 
can  be  laid  by  ordinary  unskilled  workmen. 

(5)  Immunity  from  annual  repairs. — The  annual  repairs 
to  the  ordinary  roofs  by  shifting  and  relaying  the  tiles,  which 
is  a constantly  recurring  item  of  expenditure,  disappears 
when  a roof  is  covered  with  Mangalore  tiles.  A roof  once 
properly  finished  will  not  require  to  be  touched. 

(6)  Facility  of  repairs  when  necessary. — Any  leaks  bv 
breakage  in  the  case  of  Mangalore  tiles  can  be  readily  detected 
and  the  evil  remedied  by  replacing  the  broken  tiles  without 
disturbing  any  of  those  adjoining,  unlike  an  ordinary  roof 
which  requires  shifting  all  round  when  a roof  once  com- 
mences to  leak. 

(7)  Economy. — With  these  advantages,  the  adoption  or 
non-adoption  of  Mangalore  tiles  resolves  itself  into  merely  a 
question  of  cost.  Most  builders  in  Madras  have  been  deterred 
from  using  these  tiles  on  account  of  their  cost ; this  is  only 
apparent  and  not  real  if  account  is  taken  of  the  quantity 
of  timber  necessary  for  the  construction  of  such  roofs.  With 
similar  spans  and  the  same  area  to  be  covered,  a roof  of 
Mangalore  tiles  requires  much  less  timber  than  one  covered 
with  ordinary  tiles.  A Mangalore  tiled,  roof  weighs  less  than 
an  ordinary  tiled  roof.  Hence  less  timber  is  requisite  in  the 
construction  of  Mangalore  tiled  roofs  on  account  of  the  less 
superincumbent  weight.  It  appears  that,  in  the  Bombay  * 
Public  W orks  Department,  it  is  an  usual  practice  to  assume 
the  quantity  of  timber  in  a roof  covered  with  Mangalore  tiles 

as  being  only  66  per  cent,  that  of  an  ordinary  roof.  The 
reduction  in  timber  is  effected  by  placing  the  rafters  and 
trusses  at  a greater  distance  from  each  other  than  in  the  case  of 
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ordinary  tiles,  the  scantlings  of  the  various  parts  of  tho  roof 
still  remaining  the  same.  For  instance,  rafters  may  bo  placed 
2 feet  3 inches  apart  instead  of  1 foot  6 inches  apart  as  is  usual 
with  common  roofs.  Trusses  are  also  placed  furthor  distant, 
and  it  is  not  unusual  to  have  them  15  feet  apart. 

By  detailed  calculations,  it  has  been  proved  that  the  cost 
of  a square  of  roof  complete,  including  tiles,  timber,  &c.,  is 
Es.  37  when  Mangalore  tiles  are  used,  and  Rs.  39  when 
country  tiles  are  used. 

The  results  of  such  calculations  are  embodied  in  the  fol- 
lowing table : — 


Description  of  roof. 

Weight  in  cwts. 
per  square. 

Cost  in  rupees 
per  square. 

Wood- 

work. 

Rooting. 

Total. 

Wood- 

work. 

Roofing. 

Total. 

CWT. 

CWT. 

CWT. 

Rs. 

RS. 

RS. 

School  of  Arts  tiles  laid 
with  chnnam 

5 

17 

22 

37 

35 

72 

School  of  Arts  tiles  laid 
without  chnnam 

5 

15 

20 

37 

26 

62 

Flat  and  pan-tiles 

4 

18 

22 

30 

9 

39 

Mangalore  tiles 

3 

8 

11 

21 

16 

37 

Madras  School  of  Arts  tiles. — Mr.  E.  F.  Chisholm, 
p.r.i.b.a.,  late  Consulting  Architect  to  Government  of  Madras, 
covered  some  of  his  buildings  with  a simple,  yet  effective, 
pattern  of  tiles  of  local  manufacture.  The  tiles  have  plain 
flat  surfaces  1 0 inches  long  and  4 £ inches  wide,  with  a thick- 
ness of  half  an  inch.  The  lower  ends  are  V-shaped,  3 inches 
deep.  The  upper  ends  are  turned  down  three-fourths  of  an 
inch,  so  as  to  form  a lip  by  which  the  tiles  are  secured  to  the 
reepers.  As  there  is  no  lateral  lap,  it  is  necessary  that  each 
course  should  overlap  the  next  but  one  below  it.  For  this 
purpose  the  reepers  are  placed  3 inches  from  centre  to  centre, 
and  the  length  of  the  tiles  being  10  inches,  there  are  three 
thicknesses  of  tiles  at  every  point  of  tho  roof.  Each  tile  covers 
the  vertical  joint  made  by  the  two  tiles  below  ; thus  the 
exposed  portion  of  each  tile  is  a diagonally  placed  square. 
With  a high  pitch  which  is  a necessary  feature  of  roofs 
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covered  with  these  tiles,  the  effect  is  picturesque  ; but  they 
make  a heavy  and  somewhat  expensive  roof. 


PLAN 


Scale  J lacb-^1  Toot, 


Each  course  of  tiles  is  laid  over  the  one  below  with  a thin 
layer  of  mortar.  The  roof  mainly  depends  upon  this  cement- 
ing material  for  water-tightness,  and  consequently  great  care 
is  necessary  in  laying  the  tiles,  so  as  to  secure  a perfectly 
water-tight  roof.  Repairs  are  also  difficult.  A broken  tile 
cannot  be  replaced  unless  some  more  of  the  contiguous  tiles 
are  also  removed.  The  fact  of  their  being  jointed  and  bedded 
in  mortar  makes  this  operation  difficult. 

Weight.  — One  thousand  and  eighty  of  these  tiles  go  to 
make  a square  of  roofing  and  weigh  15  cwt.  With  the 
weight  of  chunam  used  for  laying  the  tiles,  the  aggregate 
weight  of  the  roof  covering  exceeds  1 7 cwt. ; thus  the  weight 
of  this  roofing  is  almost  as  much  as  that  of  the  one  covered 
with  flat  and  pan  tiles. 
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Cost. — The  cost  of  these  tiles  is  Rs.  17  per  thousand  at 
the  kilns.  The  cost  per  square  of  rooting,  including  tiles, 
chunani  and  labour  for  fixing,  is  Rs.  35.  This  is  expensive 
and  places  such  roofing  beyond  the  reach  of  ordinary  builders. 
The  same  area  of  roofing  with  fiat  and  pan  tiles  would  cost 
Rs.  9. 

Sialkot  tiles. — The  late  Major-Gonoral  Harley -Max- 
well, R.E.,  brought  to  the  author’s  notice  a tile  he  used  in 
the  construction  of  Christ’s  Church,  Sialkot.  The  diagram 
on  the  next  page  shows  the  plan,  section  and  arrangement 
of  these  tiles.  Thoir  average  weight  is  6-5  lbs.  each  and 
to  cover  10  square  feet  requires  22  tiles.  Their  cost  is  not 
ascertained,  but  they  cannot  be  more  expensive  than  the 
Mangalore  tiles. 

Thatched  roofs  may  be  formed  by  couples  made  of 
palmyra  or  bamboo  crossed  by  reepers.  Reeds,  jungle  grass, 
straw,  cocoanut  and  palmyra  leaves  are  used  for  thatching. 
A thatched  roof  of  jungle  grass  makes  a cool  covering  and 
has  a neat  appearance  ; it  is  better  than  straw,  which  should 
be  renewed  annually.  Both  descriptions  of  roof  ought  to 
be  covered  with  light  bamboo  trellis-work  to  protect  them 
against  the  effects  of  the  wind.  The  rise  to  tho  ridge  of  these 
roofs  ought  to  be  not  less  than  one-half  the  span.  The  thatch 
ought  to  be  from  9 inches  to  12  inches  thick  ; in  construction 
the  bundles  are  fastened  to  the  reepers  which  may  be  of  pal- 
myra or  bamboo  beginning  from  the  [eaves  upwards,  and  the 
bundles  so  laid  that  they  overlap  one  another  well.  The  ridge 
is  bound  with  a roll  of  grass  laid  horizontally. 

Corrugated  iron  roofs  are  found  useful  in  places  where 
there  is  heavy  rainfall  and  are  sometimes  interposed  in 
inclined  roofs  between  the  tiles  and  the  supporting  framing. 
As  they  are  good  conductors  of  heat  and  sound,  they  must 
be  covered  with  tiles,  &c.,  when  they  form  portions  of  roofs 
of  dwelling  houses,  but  without  any  covering  they  form 
admirable  roofs  for  workshops,  sheds,  &c.,  through  which 
there  is  a good  current  of  air. 

Galvanized  corrugated  iron  sheets  suitable  for  roof- 
ing are  of  18,  20,  22  or  24  B.W.G.  The  20  B.W.G.  is  the 
most  useful  gauge  for  roofing.  The  sheets  are  laid  on  the 
roof  with  laps  of  6 inches  at  the  ends  and  with  two  corru- 
gations at  the  sides.  The  liole3  for  the  rivets  must  be  drilled 
and  not  punched  from  the  inside  to  the  outside  at  a distance 
of  9 inches  apart  on  the  sides  and  on  every  second  corrugation 
at  the  ends.  The  sheets  must  be  fastened  together  by  galva- 
nized rivets  and  lead  washers  and  fastened  to  the  purlins  at 
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distances  of  5 feet  by  patent  fasteners  or  galvanized  iron 
screws  and  washers  or  bolts.  The  rivets  must  pass  through 
the  ridges  and  not  through  the  valleys. 

The  following  table  gives  the  weight  of  corrugated  iron 
roofing  per  square  including  lappage  : — 

Gauge.  Weight. 


18 

B.W.G.  .. 

LBS. 

. . 236 

20 

do. 

. . 190 

22 

do. 

. . 150 

24 

do. 

. . 130 

Brick  arches. — In  the  construction  of  a brick  arch,  it 
is  necessary  that  all  the  bricks  in  the  arch  radiate  properly, 
that  is,  the  joints  must  be  in  prolongation  of  the  radius  of 
curvature.  When  thore  is  more  than  one  ring  of  brickwork  in 
an  arch,  it  is  better  (and  such  is  the  practice  in  England  in 
regard  to  arches  up  to  40  feet  span)  that  no  attempt  be  made 
to  bond  the  various  rings  together ; as  in  this  country  the 
mortar  often  sets  quite  as  hard  as  the  bricks,  the  former  plan 
has  nothing  to  recommend  it  as  the  bonding  is  as  good  as  if 
the  bricks  themselves  passed  from  one  ring  into  another,  nor 
is  unequal  settlement  more  likely  in  the  one  plan  than  the 
other  even  considering  that  there  are  more  j oints  in  the  outer 
than  the  inner  rings.  All  the  bricks  ought  to  be  laid  as 
stretchers. 

The  proper  depth  for  the  crown  of  an  arch  may  be  found 
by  the  following  formula  : — 

D = y/  (‘12  x radius  at  the  crown) 

Suppose  the  radius  of  curvature  of  the  arch  i , 10  feet,  then 
D = V (-12  x 10)  = VT72=  11  feet. 

Take  again  a semi-circular  arch  over  a door,  say,  4 feet 

wide,  then — 

D = y/  (-12  x 2)  =V  -24  = 6 inches  nearly. 

These  would  be  the  dimensions  below  which  the  arches 
ought  not  to  be  constructed,  and  in  the  former  case  three  rings 
would  be  used  or  3 x 4|"  + £ = 14  inches,  and  in  the  latter 
two  rings  or  2 x -f  \ — 9|  inches. 

Flat  brick  arches. — For  flat  arches  over  windows  and 
doors,  the  joints  ought  to  radiate  to  the  point  where  a pro- 
longation of  the  lines  of  the  skew-backs  meet.  The  bricks 
require  to  be  rubbed  to  the  proper  shape. 

Cambered  arches. — An  arch,  with  a rise  of  a few  inches 
at  the  centre,  called  a cambered  arch,  is  very  often  employed 


212 


CHAPTER  VI.— BUILDINGS. 


over  doors  and  windows.  The  rise  should  be  as  many  inches 
as  there  are  feet  in  the  span  of  the  arch.  The  skew-backs 
should  form  an  angle  of  60°  with  the  horizontal  line. 

Stone  arches. — In  stone  arches,  the  arch  stones,  called 
voussoirs,  are  cut  to  a wedge-shape,  the  angle  between  two 
bed  j oints  of  the  stone  being  dependent  on  the  radius  of  curva- 
ture of  the  arch.  Stone  arches  are  usually  built  with  voussoirs, 
the  depth  of  which  is  equal  to  the  depth  of  the  arch  ring  and 
not  in  one  or  two  courses  as  in  brickwork. 

Arch  centres.  — It  is  not  necessary  to  describe  the 
method  of  forming  centering  for  arches,  as  all  centering  for 
large  arches  ought  to  be  constructed  under  professional  super- 
vision ; as  centering  for  small  arches  is  usually  constructed 
of  brick  and  mud  without  any  arrangements  for  gradually 
lowering  the  centering,  a native  maistry  is  perfectly  well  able 
to  design  and  construct  it. 

Doors  and  windows. — Doors  and  windows  are  of  the 
following  classes : — 

(1)  Batten,  (2)  Panelled,  (3)  Panelled  and  venetianed,  ( 1) 
Venetianed  and  (5)  Glazed.  The  terms  are  self-descriptive. 
Doors  and  windows  are  usually  made  of  teak  or  of  some  dur- 
able wood.  Doors  should  not  be  less  than  6|  feet  in  clear 
height  and  3 feet  in  clear  breadth.  Where  the  sill  of  the 
door  frame  is  liable  to  be  injured  by  heavy  traffic  as  in  ware- 
houses, godowns,  &c.,  it  is  sometimes  omitted  and  in  such  case 
the  uprights  of  the  frame  are  tenoned  into  a sill  stone. 

Windows  are  usually  placed  with  their  sills  about  2 feet 
above  floor  and  their  tops  level  with  that  of  the  doors. 

The  parts  of  the  door  frames  hidden  by  masonry  must  be 
coated  with  boiling  coal  tar  before  the  frames  are  fixed. 

The  following  table  gives  the  dimensions  of  the  various 
parts  of  doors  and  windows  of  the  more  usual  sizes  : — 


Doors. 

Windows. 

5X8. 

4X8. 

4X7. 

4X6. 

3*  X 5. 

Frames 
Stiles 
Top  rail 
Centre  rail... 
Bottom  rail. 
Panel 

Venetians  ... 
Sash  bar 

5"  X 4" 
4"  X 1*" 
4"  X 1*" 
6"  X lp 
5"  X H" 
1 

6"  X f" 

1"  x ip' 

5"  X 4" 
4"  X lp 
4"  X lp 
6"  X lp 
5"  X lp 

1-L// 

6"  X p 

1"  X ip' 

5"  X 4" 
4"  X lp' 
4"  X lp' 
6"  X lp 
5"  X lp 
\k" 

6"  X p 

i"  x ip 

4"  X 3" 
3"  X lp 
3"  X lp 
5"  X lp 
4"  X U" 
1" 

5"  X P 
T'  X If" 

4"  X 3" 
3"  X If" 
3"  X lp 
5"  X lp 
4"  X If" 
1" 

5"  X p 
1"  X If" 
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Repairs  to  buildings. — In  repairing  or  extending  an 
old  wall,  the  junction  between  the  old  and  the  now  work 
ought  to  be  cut  into  the  form  of  steps.  The  old  work  ought 
to  be  scraped  clear  of  chunam  and  kept  moist  until  the  new 
work  is  finished. 

Underpinning  walls  is  performed  by  cutting  holes 
through  the  sound  portion  of  the  wall  above  the  portion  to  bo 
renowod,  and  passing  through  it  timbers  of  sufficient  size,  so 
that  when  supported  at  either  end,  they  will  be  strong  enough 
to  bear  the  superincumbent  structure,  thus  : — 


The  timber  (A  B)  passed  through  the  wall  is  called  a 
needle ; the  vertical  pieces  or  struts  are  then  placed  under  the 
needle  and  must  be  carefully  wedged  up  tight,  but  not  too 
tight.  The  struts  ought  to  be  as  near  the  work  as  convenience 
will  permit.  These  needles  and  struts  ought  not  to  bo  more 
than  8 feet  apart,  and  in  heavy  structures  at  a much  less 
distance.  When  the  new  foundation  has  been  completed,  it 
ought  to  be  allowed  to  set  a few  days  before  the  beams  are 
removed. 


E E 
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Replacing  beams. — In  replacing  beams  the  first  thing 
to  be  done  is  to  take  off  all  superincumbent  weight  by  strut- 
ting up,  with  supports  bearing  on  planks,  any  rafters,  joists, 
&c.  The- masonry  at  the  end  of  the  beam  is  then  cut  away 
and  the  beam  passed  out  through  the  wall,  and  by  a similar 
process  a now  beam  is  inserted.  In  many  instances  probably 
it  may  be  necessary  after  relieving  the  beam  to  cut  it,  as 
space  may  not  allow  of  its  being  passed  out  whole.  The  new 
beam  will  then  have  to  be  shorter,  and  where  this  is  so, 
portions  of  the  old  beam  may  be  used  as  corbels  thus  : — 


The  new  beam,  when  being  placed  in  position,  will  have 
to  be  thrust  back  at  one  end,  as  far  as  (say)  B,  and  then, 
when  the  other  end  has  been  inserted,  drawn  forward  until 
its  centre  is  over  the  centre  of  the  span. 

Another  method  is  to  cut  away  the  walls  on  either  side 
of  an  old  beam,  so  that  when  revolved  on  its  axis  or  round 
one  end  it  will  clear  the  wall  thus,  in  plan  : — 


i 

1 
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In  suoh  case  the  supporting  strutting  must  be  kept  far 
enough  off  to  allow  this  revolution  to  take  place. 

Insertion  of  arches  in  walls. — The  position  of  the 
arch,  its  extrados  and  intrados,  ought  to  bo  carefully  marked  ; 
the  portions  of  the  old  masonry  next  the  springing  of  the 
arch  should  then  be  cut  out  and  a portion  of  the  arch  built 
in,  and  so  on,  until  the  arch  is  completed  up  to  the  crown. 
Caro  should  be  taken  to  cut  away  the  masonry  exactly  to  the 
shape  and  size  of  the  arch,  so  that  no  movement  can  take 
place  after  the  arch  has  been  put  in. 

Several  tables  compiled  by  General  Sankey,  when  Assist- 
ant Chief  Engineer,  Mysore  Public  Works  Department, 
showing  the  proper  sizes  of  timber  to  be  used  in  roof  con- 
struction will  be  found  on  pages  216  to  221. 

Tho  following  diagram  shows  the  various  portions  of  a 
trussed  roof  referred  to  in  table  No.  Y : — 


a a . Common  Rafters 
b b • Principal  Rafters 
c c . Struts 
d • King  post 
e - T\4  beam 

f f • Purlins 


Table  I. 

Scantlings  of  Joists  for  Terraced  Roofs. 
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Table  H. 

Scantlings  of  Girders  or  Beams  for  Terraced  Roofs. 
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Table  III. 

Scantlings  of  Rafters  and  Hips  in  couples  for  Common  Tiled  Roofs. 
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Scantlings  of  Purlins  and  Common  .Rafters  for  Tiled  Roofs , Trusses  10  feet  apart. 
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Table  Y. 

Dimensions  of  Trusses  for  Common  Tiled  Roofs  (10  feet  apart  from  centre  to  centre). 
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(8)  CONSTRUCTION  OF  SPECIAL  BUILDINGS. 

ABATTOIRS  OR  SLAUGHTER-HOUSES. 

Slaughter -houses  are  arranged,  according  to  tlie  class 
of  animals  to  be  slaughtered  therein,  and,  in  India,  are 
denominated  bullock,  sheep  or  pig  slaughter-houses.  The 
religious  prejudices  of  the  Hindus  require  that  bullocks,  sheep 
and  pigs  should  be  slaughtered  apart  from  one  another. 

Requirements  of  a slaughter-house.— These  may 
be  briefly  enumerated  as  follow  : — 

(1)  The  slaughter-house  should  be  so  enclosed  as  to  per- 
mit ingress  and  egress  being  easily  controlled  by  the  super- 
intendent in  charge. 

(2)  The  slaughtering  space  should  bo  roofed  in. 

(3)  The  slaughtering  sheds  should  be  well  ventilated. 

(4)  Cisterns  should  be  provided  to  hold  a sufficient  supply 
of  water. 

(5)  The  floor  of  the  slaughter-house  should  be  arranged 
so  as  to  enable  it  to  be  easily  flushed  from  the  cisterns. 

(6)  Drains  should  be  provided  for  carrying  away  the 
liquid  filth  from  the  slaughter-house. 

(7)  Cesspools  should  be  provided  outside  the  slaughter- 
house into  which  the  drains  can  discharge. 

(8)  The  flooring  should  be  of  hard  and  impervious 
material. 

(9)  The  lining  of  the  walls  should  be  of  a hard  and  non- 
absorbent  material. 

(10)  Cooling  and  hanging  rooms  and  lairs  for  animals 
are  desirable. 

The  accompanying  plates  give  designs  for  bullock,  and  sheep 
slaughter-houses,  in  which  the  requirements  above  enumerated 
are  embodied  and  are  suitable  for  towns  with  populations  not 
exceeding  30,000.  The  above  designs  will,  however,  be  influ- 
enced in  their  application  by  the  following  circumstances  and 
conditions : — 

(1)  The  requirements  of  the  town. 

(2)  Nature  of  the  building  materials  available. 

(3)  Financial  considerations. 

Size  of  slaughter-houses. — The  size  of  a slaughter- 

house  naturally  depends  upon  the  number  of  animals  to  be 
killed.  Statistics  as  to  the  number  killed  annually  are  avail- 
able in  most  municipalities.  No  definite  rule  can  be  laid  down, 
as  in  some  parts  of  the  country  more  beef  and  less  mutton 
is  eaten  in  certain  towns  than  in  others.  In  Madras  city  the 
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annual  consumption  is  about  ono  bullock  per  45  persons  and 
one  sheep  per  porson.  Tho  size  requisite  for  a shoop  slaughter- 
house would  be  determined  thus  : taking  the  population  of  a 
town  to  bo  15,000,  wo  have  15,000  sheep  to  bo  slaughtered  in 
a year,  or  42  sheep  on  an  average  daily.  A period  of  from 
three  to  four  hours  is  the  usual  duration  of  slaughtering. 
Taking  tho  minimum  period  of  three  hours,  14  sheep  would 
require  to  bo  slaughtered  per  hour.  To  slaughter  ono  sheep 
and  skin  it,  roquires  about  20  minutes,  so  that  three  sheep  will 

bo  killed  per  hour  and  therefore  floor  space  for  or,  for 
five  shoop,  will  bo  requirod.  Let  this  be  increased  by  50  per 
cent,  to  allow  for  fairs  and  festivals,  or,  say,  a floor  space  for 
8 sheep  is  required.  The  floor  space  required  for  one  sheep 
is  about  60  squaro  feet  which  is  8'  x 7j\  In  the  design  thero 
are  two  slaughtering  sheds  oach  with  four  bays  measuring 
8'  x 7y.  This  size  is  therefore  sufficient  for  a town  with  a 
population  of  15,000,  When  tho  population  is  more  or  less, 
the  number  of  bays  will  havo  to  bo  increased  or  decreased, 
tho  number  required  being  calculated  as  above.  The  water 
cistern  and  cesspool  may  also  bo  altered  in  proportion.  The 
entrance  passage  should  not  be  loss  than  4|  feet  in  width  and 
it  need  not  exceed  6 feet.  Tho  width  of  the  open  space 
between  the  sheds  may  be  reduced  to  12  feet  for  a smaller 
slaughter-house,  but  not  under  12  feet  in  any  case.  The 
height  of  the  sheds  would  remain  unaltered  whatever  be  the 
other  dimensions  of  the  slaughter-house. 

Masonry. — The  foundation  and  superstructure  of  slaugh- 
ter-houses may  be  in  either  stone  or  brick  ; the  slaughter-house 
should  bo  built  in  chunam,  but  where  economy  is  the  object, 
portions  of  the  structure  may  be  built  in  clay  except  tho 
following,  i.e.f  water  cistern,  cesspool,  drains  and  pillars  which 
should,  as  a rule,  be  constructed  in  chunam. 

Plastering.  — The  whole  of  the  interior  walls  and 
pillars  of  the  building  should  bo  plastered  with  Portland 
cement  mortar  not  less  than  half  an  inch  thick  in  the  proportion 
of  3 of  sand  or  2 of  sand  to  1 of  cement.  Over  this  there 
must  be  a rendering  of  neat  cement.  The  outside  of  the 
building,  if  of  brickwork,  should  also  be  plastered  with  cement, 
but,  if  of  stone,  pointing  with  cement  will  suffice. 

Flooring.  — It  is  an  essential  requisite  of  a slaughter- 
house that  the  floor  should  be  evenly  paved.  Notwithstanding 
that  there  is  some  inconvenience  to  the  butchers  by  reason 
of  a certain  slipper! ness  with  a smooth  floor,  this,  when  weighed 
against  tho  quick  removal  of  blood,  garbage,  &c.,  cannot  be 
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considered  a grievance.  It  is  not  advisable  that  the  floors 
of  a slaughter-house  should  slope  towards  the  drains  ; in  the 
first  place  the  slope  would  cause  the  floor  to  be  more  slippery 
than  if  level ; in  the  second  place  the  cleansing  probably 
would  not  be  so  effectually  done ; on  the  slope  it  could  be 
sluiced  with  water,  on  the  level  manual  labour  will  be  required 
and  if  squeegees,  such  as  are  used  for  railway  station  paved 
platforms,  are  employed,  the  cleansing  can  be  very  effectual. 
The  floor  may  be  formed  of — 

(1)  Flags. 

(2)  Granite  stones  dressed  fairly  smooth. 

(3)  Well -burnt  brick  on  edge  in  cement  or  hydraulic 

mortar  plastered  over  with  cement. 

(4)  Concrete  in  cement  or  hydraulic  mortar  plastered 

over  with  cement. 

When  flags  are  used  the  edges  should  be  squared,  so  that 
they  may  be  laid  with  close  joints.  The  flags  should  be  laid 
over  a layer  of  concrete  not  less  than  4 inches  thick,  as  a firm 
foundation  is  necessary.  The  flags  shall  be  jointed  with 
Portland  cement.  The  flags  should  be  such  that  their  indivi- 
dual area  does  not  exceed  one  square  foot  for  each  half  an  inch 
of  thickness. 

A slaughter-house  should  not  be  paved  with  square  granite 
stones  unless  their  surfaces  are  finely  chisel -dressed.  The  cost 
of  doing  so  will  be  prohibitive  in  most  places. 

When  bricks  on  edge  are  used,  they  should  be  laid  in 
cement  or  hydraulic  mortar  on  a foundation  of  not  less  than 
4 inches  of  concrete.  The  floor  must  then  be  plastered  with 
Portland  cement  mortar  not  less  than  half  an  inch  thick  con- 
sisting of  2 or  3 of  sand  to  1 of  cement,  laid  in  one  coat  with 
a rendering  of  neat  cement. 

When  concrete  in  cement  or  hydraulic  lime  is  used,  the 
concrete  should  be  not  less  than  9 inches  thick  and  be  plas- 
tered over  with  cement  as  above  described. 

Drainage. — The  drains  should  have  a fall  of  not  less 
than  1 in  100,  but  greater  than  this  if  it  can  be  arranged. 
The  drains  should  be  6 inches  in  width.  The  bottom  should 
have  either  a semi-circular  or  oval  shape,  preferably  the 
latter.  The  drains  should  be  formed  of  concrete  in  cement 
or  hydraulic  mortar,  and  coped  stone  with  brick  on  edge  in 
cement  and  plastered  with  cement,  or  to  be  made  of  some 
equally  non-absorptive  material  and  of  a design  such  as  will 
not  allow  of  any  leakage. 
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Cesspools.  — The  cesspools  ought  to  he  outside  tho 
slaughter- house.  They  should  be  of  ample  capaoity  to  receivo 
all  the  solid  matter  from  the  slaughter-house  aud  also  a por- 
tion of  the  water  used  for  cleansing.  If  an  overflow  is  pro- 
vided from  the  cesspools  and  no  sewers  oxist,  tho  wator  over- 
flowing should  be  used  to  irrigate  somo  small  area  of  land. 
Tho  cesspools  should  be  built  in  chunarn  mortar  and  plastered 
with  cement  in  the  proportions  already  statod. 

Water-supply.  — The  cistern  should  ho  so  arranged 
that  it  can  ho  Ailed  from  the  outside.  The  bottom  of  the 
cistern  should  he  at  a sufficient  hoigt  to  enable  every  portion 
of  the  floor  of  the  slaughter-house  being  flushed.  Tho  cistorn 
should  he  built  in  chunarn  and  plastered  with  cement. 

Design. — The  roof  maybe  a tiled  one  on  wooden  raft  ors 
or  covered  with  corrugated  iron  sheets  if  considered  desir- 
able on  the  grounds  of  economy  and  facility  of  erection. 
Slaughter-houses  ought,  if  possible,  to  consist  of  open  sheds, 
all  surrounded  by  a brick  wall  or  oilier  closed  fence.  .This 
plan  admits  of  thorough  circulation  of  air. 

LATRINES. 

Latrines  are  either  on  the  water  carriage  or  dry-earth 
system. 

Water  latrines. — Water  closets  are  applicable  only  to 
towns  possessing  a system  of  underground  close  sewers.  A 
design  of  a water  latrine  adopted  in  Calcutta  will  be  found 
in  one  of  the  attached  plates. 

Dry  -earth  latrines. — A design  for  an  all-round  good 
latrine  on  the  dry-earth  system  is  a desideratum.  A good 
design  for  a latrine  is  one  of  the  most  difficult  problems  pre- 
sented in  this  country  and  when  an  engineer  has  to  design  a 
cheap  and  efficient  latrine  at  a low  cost,  the  problem  is  doubly 
difficult.  The  poverty  of  Indian  towns  is  proverbial,  and 
financial  consideration  will  not,  in  most  cases,  allow  of  latrines 
being  constructeed  as  they  ought  to  be.  It  is  a rule  worthy  of 
observance  never  to  erect  permanently  a bad  latrino  ; if  funds 
do  not  permit  the  erection  of  a good  one,  tho  want  should  be 
tided  over  by  some  temporary  structure  until  it  is  seen  what 
the  preparation  of  a new  budget  may  bring  forth. 

Sanitary  principles. — There  are  certain  sanitary 
principles  which  must  be  adhered  to  in  designing  latrines  of 
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however  cheap  a description.  These  principles  may  be  enume- 
rated briefly  as  follow  : — 

(1)  Privacy,  (2)  an  impermeable  floor,  (3)  separation  of 
urine  from  the  solid  matter  and  its  collection  in  cesspools  or 
tubs  outside  the  enclosure  of  the  latrine,  (4)  protection  from 
sun  and  rain,  (5)  thorough  ventilation. 

Points  in  design. — Public  as  well  as  private  latrines 
should  be  constructed  so  as  to  allow  of  a considerable  amount  of 
privacy.  It  must  be  remembered  that  the  public  latrines  have 
to  be  frequented  by  women  as  well  as  men,  though  perhaps  the 
former  are  driven  there  by  police  regulations,  and  while  there- 
fore public  latrines  are  a necessity,  it  is  desirable,  as  far  as 
possible,  to  encourage  a proper  sense  of  decency,  or  a decay 
of  morality  will  be  an  inevitable  result.  To  secure  thorough 
privacy  each  seat  or  squatting  place  should  be  separately  en- 
closed with  a door  for  entrance.  This  arrangement  is  rather 
expensive  and  usually  a whole  range  of  seats  is  enclosed 
en  bloc. 

Corrugated  iron  sheets  riveted  or  bolted  to  iron  standards 
sunk  into  the  masonry  of  the  floor  form  the  best  sort  of  enclo- 
sure and  have  an  immense  superiority  over  walls  of  other 
materials  like  brick  and  stone,  being  impervious  to  moisture 
and  unassailable  by  insects  of  any  kind.  But  the  cost  of  iron 
work  in  small  outlying  villages  is  often  prohibitive  and  the 
use  of  stone  or  brick  walls  is  then  unavoidable.  When  stone 
or  brick  is  used  it  should  be  a rule  that  the  interior  of  the 
walls  should  be  plastered  with  cement  The  whole  of  the 
interior  of  the  latrine  should  possess  a smooth  and  imperme- 
able floor.  Glazed  flooring  tiles  and  glazed  stoneware  drains 
answer  the  purpose  best ; they  are  expensive,  and  their  use, 
therefore,  in  most  cases  prohibitive.  Cement  pi  asteriug  renders 
the  surface  sufficiently  smooth  and  impervious.  The  design 
should  admit  of  the  urine  and  excreta  being  received  in  sepa- 
rate receptacles.  When  this  course  is  adopted,  the  smell  is  not 
as  offensive  as  when  urine  and  excreta  are  received  in  the  same 
receptacle.  A roof  over  latrines  is  desirable  not  only  for  the 
protection  of  those  who  frequent  them  from  sun  and  rain,  but 
also  for  the  prevention  of  that  disgusting  and  filthy  state  in 
which  latrines  without  roofs  are  usually  found  after  rain. 
While  enclosures  and  roofs  are  necessities,  care  should  be 
taken  to  design  them  in  a manner  such  as  will  admit  of  the 
greatest  possible  ventilation.  A good  practice  is  not  to  roof 
the  whole  area  of  the  latrine  enclosed,  but  only  the  range  of 
seats,  leaving  the  passage  open  to  the  sky.  Where  the  roof 
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NOTE 

The  plan  shews  a private  latrine  suitable  for 
males  and  females.  If  only  one  closet  Is  required, 
the  portion  to  the  right  of  the  line  Y.  Z.  may  be 
omitted. 

The  brick  work  of  the  latrine  above  seat  level 
may  be  built  with  mud;  below  seat  level,  it  should 
be  with  chunam.  The  floors  should  be  formed  of 
chunam  concrete;  If  they  cannot  be  §o  made,  then 
of  some  hard  Impervious  materials,  such  as  clay 
well  beaten  in. 

The  concrete  floors,  drains  and  all  brick  work 
bolow  seat  level  should,  if  possible,  be  plastered 
with  Portland  cement;  If  this  cannot  be  done,  then 
chunam  plaster  should  be  used. 

There  tnay  be  roofs  or  not  as  convenient.  The 
roofs  may  be  of  tiles,  but  thatch  and  bamboo  roof 
may  be  used  when  nothing  better  can  be  afforded. 

The  receptacles  provided  for,  are  simple  Kero- 
sine  tins;  these  should  be  provided  with  handles. 

The  latrine  as  designed  Is  supposed  to  be  In  the 
situation  shewn  at  A In  the  backyard  of  the  house 
(on  left  of  drawing.)  If  the  drainage  of  the  house 
is  to  the  front,  the  drains  should  fall  Into  the  drain 
marked  B.  tf  the  drain  is  In  rear  of  the  backyard, 
an  opening  must  be  provided  through  the  com- 
pound wall  at  the  point  marked  C.  If  there  are  no 
drains  near  the  house,  a receptacle  and  cistern 
must  be  provided,  as  at  D, 

The  seats  or  foot  rests  may  be  made  prefer- 
ably of  Cuddapah  slabs,  of  granite  slabs,  or  of 
wood. 

When  the  latrine  has  been  used,  the  pall3 
(Keroslne  oil  tins)  should  be  removed  from  the 
back  and  cleaned  In  the  apace  behind  the  latrine 
and  at  once  replaced. 
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rests  on  the  walls,  the  height  from  floor  to  eaves  should  not  bo 
less  than  8 feet,  but  tho  walliug  should  not  he  more  than  6 
feet  in  height,  the  upper  2 feet  being  open  for  ventilation. 

Donaldson’s  patent  latrine  has  lately  been  received 
with  much  favour ; it  aims  at  the  separation  of  the  liquids  and 
solids,  the  liquids  being  received  either  in  a pail  in  front  of  tho 
solids  or  in  a drain  running  under  the  whole  range  of  seats. 
The  platform  for  the  separation  may  he  of  steel  or  stoneware. 
The  foot-rests  aro  in  either  caso  roughened. 

This  form  of  latrine  can  be  covered  with  any  kind  of 
roof,  a cheap  tiled  covering  supported  on  a bulla/i  and  bamboo 
framo  and  screened  with  matting  being  perfectly  sanitary 
and  efficacious,  but  a stronger  framework  of  moro  permanent 
character  is  recommended. 

One  form  of  latrine  has  the  basement  of  glazed  stoneware. 
Into  low  level  drains  all  the  washings  of  tho  surfaces  below 
the  line  of  the  platform  drains  are  collected  and  flow  into 
utensils  placed  at  the  ends  of  the  structure.  All  the  surfaces 
both  horizontal  and  vortical,  above  and  below,  being  of  glazed 
stonowaro  set  in  cement,  they  are  impermeable  to  sullage, 
indestructible,  and  easily  cleaned. 

The  platforms  can  be  built  in  either  double  or  single  lines 
and  in  any  number.  It  is  a design  which  is  being  adopted  in 
large  installations  by  the  Calcutta  municipality. 

Other  designs  of  latrines. — Plates  accompanying 
shew  othor  designs  of  latrines  suitable  for  the  varied  require- 
ments of  villages  or  towns  ; these  cost  from  Rs.  200  to  Rs.  1,000 
each.  Horbury’s  patent  latrine,  which  is  also  illustrated,  is 
well  suited  for  railway  stations,  hospitals,  schools  and  similar 
institutions,  but  is  not  much  favoured  by  natives  generally. 
It  can  be  made  movable  by  placing  it  on  wheels  and  a trench 
can  then  take  the  place  of  buckets. 

Private  latrines. — House  latrines  must  be  constructed 
on  the  general  principles  indicated  for  public  latrines.  A design 
for  a cheap  house  latrine  is  attached. 

It  is  a common  practice  to  have  private  latrines  in  houses 
in  that  portion  of  the  house  next  to  the  street.  This  is,  no 
doubt,  convenient  for  the  sweeper’s  entry  and  for  cleansing,  but 
for  any  other  reason  it  is  a most  unsuitable  position,  situ- 
ated, as  it  probably  is,  in  a passage  under  tho  living  room 
or  in  a passage  uncovered  which  passes  up  alongside  the  living 
rooms  of  the  house.  If  the  privy  is  not  in  the  position  indi- 
cated, it  is  probably  in  the  backyard  adjacent  to  the  well ; 
both  these  sites  are  equally  bad.  The  privy  is  best  apart  from 
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the  house,  but  it  ought  to  be  far  from  the  well.  Where 
circumstances  will  not  permit  it  to  be  so,  it  is  better  to 
omit  either  the  privy  or  the  well,  and  power  is  given  by  the 
Municipal  Acts  to  object  to  the  situation  of  privies.  Where 
it  is  thought  desirable  to  allow  both  the  privy  and  the  well, 
though  within  an  undesirable  distance  of  each  other,  the 
well  should  be  required  to  be  puddled  round  with  at  least  1 
foot  of  clay,  and  the  floor  and  drain  of  the  privy  should  be 
formed  of  cement  concrete  or  other  impervious  material,  and 
in  such  form  that  no  effluent  matter  can  possibly  run  towards 
the  well. 

Temporary  latrines. — Latrines  for  temporary  purposes, 
such  as  at  fairs  or  festivals,  are  best  formed  by  long  pits  being 
dug  with  foot-boards  placed  over  them,  the  whole  surrounded 
by  a movable  screen.  The  pit  is  partially  filled  with  earth 
daily,  and  when  almost  full  the  screen  is  moved  forward  and 
placed  round  a parallel  pit  to  the  first.  The  screen  can  be 
made  of  mats  supported  on  bamboos,  but  Horbury’s  latrines 
made  of  corrugated  iron,  as  already  noted,  can  be  suitably 
arranged  for  the  same  purpose. 

MARKETS. 

Markets  usually  provide  accommodation  for  (1)  grains, 
fruits  and  vegetables,  (2)  game  and  poultry,  (3)  mutton,  (4) 
beef,  (5)  pork,  (6)  fish,  and  (7)  sundry  goods.  The  religious 
prejudices  of  the  various  sects  of  an  Indian  community 
demand  that  several  of  the  above  articles  should  be  sold 
separately  and  in  distinct  buildings.  For  the  convenience  of 
the  general  public  and  proper  municipal  supervision,  places 
for  the  sale  of  the  various  articles  should  be  grouped  together, 
but  so  arranged  that  the  meat  and  fish  stalls  should  have 
separate  entrances. 

Market  yard. — The  market  yard  should  not  be  elevated 
moro  above  road  level  than  what  is  sufficient  for  the  proper 
drainage  of  the  place.  There  should  be  no  steps  up  or  down 
at  the  entrances  to  markets.  The  approaches  must  be  sloped 
up  from  the  road  level  to  the  level  of  the  ground  in  the 
market  yard.  The  ‘ gangways  * or  the  vacant  space  between 
the  sheds  for  the  passage  of  the  people  should  not  be  less 
than  6 feet  wide. 

Sheds. — The  sheds  should  have  verandahs  or  overhanging 
roofs  for  the  protection  of  buyers  from  sun  and  rain.  They 
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should  be  as  lofty  as  possible  and  thoroughly  vontilatod.  Thick 
masonry  pillars  are  objectionablo  in  many  ways.  Old  iron 
rails  are  an  excellent  substitute  for  masonry  pillars. 

Basement. — Tho  basement  of  the  sheds  should  bo  raised 
at  least  2 feet  above  tho  level  of  tho  market  yard.  Tho  floor 
of  the  sheds  may  bo  formed  in  ouo  of  tho  several  ways  rocom- 
mendod  for  flooring  slaughter-houses. 

Drains. — The  yard  itself  should  be  paved  or  gravolled 
and  drained.  A convenient  position  for  tlio  drains  is  down 
the  middle  of  each  gangway.  Tho  drains  aro  best  formed 
of  two  slabs  of  stono  laid  together  and  slightly  tilted  up,  tho 
ground  on  either  side  sloping  towards  the  drain. 

< 

Fish  stalls. — Fish  stalls  should  be  provided  with  water 
cisterns  and  at  tho  end  of  each  range  of  stalls  water  should 
be  available. 

Batcher  stalls. — Butcher  stalls  should  be  floored  with 
dressed  stones  or  otherwise  constructed  of  substantial  materials 
so  as  to  resist  tho  blows  from  tho  choppers.  These  stalls 
should  also  bo  provided  with  cross-rails  overhead  and  hooks 
for  hanging  meat. 

Latrines. — Markets  should  be  providod  with  latrines 
and  a sufficient  number  of  dust  or  refuse  bins. 

Design  of  markets. — The  plate  attached  illustrates  a 
design  for  a market  suitable  for  a small  town  or  village. 


HOSPITALS  AND  DISPENSARIES. 

Establishment  of  hospitals. — It  is  intorosting  to  note 
that  hospitals  wero  established  in  India  so  long  ago  as  during 
the  time  of  King  Asoka  who  flourished  in  tho  third  cen- 
tury B.C.  His  edict  establishing  hospitals  throughout  his 
dominions  is  still  extant  and  engravon  on  the  living  rock  at 
Girinar  in  Guzerat. 

* Only  one  of  these  hospitals  remained  at  tho  beginning  of 
the  present  century  and  that  one,  curious  to  say,  was  for  the 
treatment  of  animals.  It  covered  25  acres  and  was  divided 
into  proper  wards. 

The  present  system  of  medical  relief  owes  its  establishment 
to  British  occupation ; between  300  B.C.  and  the  British  occu- 
pation, modical  institutions  wero  almost  non-existent  in  India- 
At  the  present  time  few  towns  and  villages  are  not  possessed 
of  a hospital  or  dispensary. 
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Classification  of  hospitals. — Civil  hospitals  and  dis- 
pensaries are  divided  into  classes — 

(1)  State  hospitals. 

(2)  Municipal  and  local  fund  institutions. 

(3-A)  Private  hospitals. 

(3-B)  State  aided  hospitals. 

These  classes  have  been  graded  by  the  Sanitary  Board, 
Madras,  as  follows  : — 

Grade  A.  General  hospitals,  50  beds  and  upwards. 

Do.  B.  Cottage  hospitals,  10  to  49  beds. 

Do.  C.  Hut  hospitals,  1 to  9 beds. 

Do.  D.  Dispensaries  for  out-patients  only. 

» 

Hospital  sites. — After  deciding  to  construct  a hospital 
or  dispensary,  the  first  point  to  be  considered  is  where  it  ought 
to  be  placed.  There  is  no  doubt  that  it  is  always  desirablo 
that  such  institutions  should  be  placed  as  near  as  possible  to 
the  bulk  of  the  population  they  have  to  serve ; but  there  arc 
other  considerations  and  these  are — 

(1)  The  aspect  and  conformation  of  the  ground. 

(2)  The  nature  of  the  soil. 

(3)  The  area  in  relation  to  the  number  of  beds. 

(4)  Cost  of  the  site. 

The  first  three  are  questions  of  hygiene,  the  last,  one  of 
oconomy  ; the  last  ought  never  to  be  subordinated  to  the  others 
and  the  tendency  to  do  so,  must  bo  remembered. 

(1)  The  aspect  must  be  cousidered  in  relation  to  access 
of  sun-light  and  to  prevailing  winds,  their  healthiness  or  the 
reverse.  Generally  the  first  consideration  will  be  easily 
complied  with  and  the  second  should  be  decided  in  relation 
to  the  monsoon  winds.  Where  there  are  winds  blowing 
from  a malarial  quarter,  the  building  ought  to  be  placed  so 
as  to  be  protected  from  such  winds  or  some  screen  formed 
for  the  purpose  ; certain  kinds  of  trees  would  be  useful  for 
this  purpose. 

(2)  The  healthiness  or  unhealthiness  of  a particular  soil 
is  affected  by  its  power  of  retaining  heat  and  by  the  level  of 
the  ground  water.  A low  level  of  sub-soil  water  is  preferable 
to  a high  level,  but  a permanent  level  is  to  be  preferred  to 
even  a fluctuating  low  level  ; a high  level  may,  in  most 
places,  be  cured  by  drainage.  Any  made-soil  is'  unsuitable 
for  hospital  sites ; if  such  a site  has  to  be  used,  it  must  be 
completely  covered  with  a thick  layer  of  impervious  concrete 
or  asphalte. 
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(3)  The  relation  of  the  area  of  the  site  to  the  number 
of  beds  is  very  varied  in  different  countries.  Naturally  for 
hospitals  without  upper  stories  a greater  proportionate  area 
of  land  should  be  provided.  In  large  towns  the  site  must 
be  moro  restricted  than  in  small  contres  wliero  land  within 
reasonable  distanco  and  at  a modorato  cost  will  bo  probably 
available.  About  1,000  to  1,800  square  feet  of  site  per  bed 
may  be  considered  limits  below  which  it  is  not  desirable  to 
go,  nor,  on  the  other  hand,  necessary  to  exceed. 

(4)  In  India  the  cost  of  the  site  for  a hospital  is  not  one 
which,  except  in  very  largo  towns,  will  bias  decisions  as  to  the 
most  suitable  locality,  and,  at  any  rate,  it  is  a question  which 
must  be  decided  with  reference  to  each  particular  town. 

Number  of  beds  in  reference  to  population. — 

Boforo  the  minimum  area  of  sito  required  can  be  determined, 
it  is  necessary  to  determine  the  number  of  beds  which  the 
hospital  has  to  maintain,  and  the  following  table  shows  the 
relationship  in  reference  to  population  in  certain  towns  in 
England  : — 

Table  shott  ing  the  proportion  of  In-patients  to  population , the  total 
number  of  Hospital  beds  available  and  the  number  of  Hospital  beds 
per  thousand  of  the  population. 


Number. 

Name  of  town. 

Population. 

In-patients. 

Beds. 

Total 

number. 

Number 
per  1,000  of 
population. 

Total 

number. 

Number 
per  1 ,000  of 
population. 

1 

Dublin  ... 

353,082 

16,236 

459 

2,256 

639 

9 

Edinburgh 

261,970 

10,075 

384 

996 

380 

3 

Glasgow... 

567.143 

16,501 

29-1 

1,953 

3 '“14 

4 

Aberdeen 

121,905 

2,920 

239 

324 

265 

5 

Leicester 

142,581 

3,000 

21-0 

240 

1-68 

6 

Norwich  ... 

101,316 

1,716 

16-9 

266 

262 

7 

Leeds 

369,090 

5,677 

15-4 

504 

1-36 

8 

Sunderland 

131,302 

1,890 

143 

275 

209 

9 

Derby 

94,496 

1,299 

137 

216 

2-28 

10 

Huddersfield 

95,656 

1,034 

10  8 

178 

186 

11 

Halifax  . 

83,109 

867 

104 

132 

1-59 

12 

Birkenhead 

99,597 

1,028 

10-3 

171 

1 71 

13 

Cardiff  

1 30,283 

1,236 

9-4 

120 

0-92 

14 

Portsmouth 

160,128 

1,052 

65 

103 

0-64 
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It  will  bo  soon  that  one  town  has  as  high  as  639  beds  per 
1,000  of  population  and  one  as  low  as  0’64  per  1,000  of  popu- 
lation, a very  largo  difference.  The  majority  of  towns  have 
between  one  and  three  beds  per  1,000  people.  For  Madras 
hospitals,  it  is  proposed  that  the  standard  of  one  bed  per  1,000 
of  population  should  bo  adopted.  This  is  a comparatively 
low  requirement.  It  must  be  remembered,  however,  that 
large  numbers  of  the  population  will  not  resort  to  hospitals 
as  freely  as  similar  classes  in  England  do.  The  population 
to  be  regarded  in  reference  to  up-country  towns  must  include 
that  of  all  the  neighbouring  villages  not  supplied  with  hospi- 
tals, say,  within  a radius  of  10  or  even  20  miles.  Besides 
the  abovo  accommodation,  special  hospitals  are  required  for 
special  diseases,  such  as  cholera,  small-pox,  &c.  Too  often  is 
the  provision  for  these  actually  delayed  until  somo  infectious 
disease  appears ; but  all  towns  and  villages  ought  to  be 
provided  with  such  hospitals  to  accommodate  at  any  rate  the 
first  infectious  cases  appearing. 

Hospital  wards  may  be  of  various  forms,  such  as  the 
corridor  ward  ventilated  on  one  side  only,  the  double  ward, 
the  cross- ventilated  single  ward,  &c.  The  corridor  cross- 
ventilated  single  ward  is  the  plan  most  generally  adopted  and 
is  that  shown  in  the  following  diagram  : — 


Each  bed  in  a ward  should  have  a window  on  either  side 
of  it,  or  rather  there  should  be  one  bed,  only  between  each  pair 
of  windows  or  the  beds  may  be  what  is  called  ‘ coupled,’  that 
is,  there  may  be  two  beds  between  each  pair  of  windows,  but 
this  is  not  so  good  a plan  as  the  former.  Wards  of  over  20 
beds  should  havo  a breadth  of  28  feet  and  with  a less  number 
may  havo  22  to  24  feet.  Each  bed  should  have  a floor  area  of 
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100  square  feet  and  a wall  space  of  7 feet  2 inches  to  9 feet 
(according  to  the  breadth  of  the  ward).  The  height  of  a ward 
should  not  ho  less  than  14  feet.  This,  with  a lioor  spaco  of 
100  square  feet,  would  givo  1,400  cubio  feet;  no  height  over 
14  feet  is  to  he  taken  into  consideration  in  calculating  the 
cubic  air  spaco  per  bed. 

Hospitals  for  infectious  diseases. — Largo  villages 
and  groups  of  villages  may  bo  served  by  ono  hospital,  and 
tho  accommodation  required  will  not  differ  much  from  that 
required  in  towns.  Diseases,  such  as  cholera  and  small-pox, 
aro  genorally  prevalent  for  a comparatively  short  timo  only, 
but  during  that  time,  of  course,  tho  number  of  cases  is  com- 
paratively great.  Thus  tho  accommodation  required  should 
bo  decided  on  past  experience  rather  than  with  roferonco  to 
any  particular  proportion  of  the  population. 

In  towns,  thoso  hospitals  aro  moro  constantly  required 
than  in  villages,  and  therefore  more  permanent  structures 
aro  desirable. 

Site  for  hospitals  for  infectious  diseases. — Such 
hospitals  requiro  a larger  space  about  them  than  ordinary 
hospitals,  and  they  should  bo  placed  as  far  outsido  a villago 
as  considerations  of  accessibility  permit.  In  determining  tho 
locality  for  a hospital  for  infectious  diseases,  the  wholesome- 
noss  of  tho  site,  the  character  of  tho  approaches,  tho  facilities 
for  water-supply  and  for  slop  and  refuso  removal  are  matters 
of  primary  importance. 

Isolation  hospitals.— Tho  wall  space  in  isolation  hos- 
pital wards  should  not  be  less  than  12  square  feet  per  bed. 
Tho  superficial  area  should  be  not  less  than  144  feet  and  tho 
cubic  spaco  less  than  2,000  feet  per  bed  in  permanent  build- 
ings. As  a rule,  semi-pormanent  or  even  temporary  buildings 
aro  more  suitable  for  such  purposes,  and  in  them  tho  wall 
space  may  bo  9 feot,  the  superficial  area  100  feet,  and  the  cubic 
space  1,800  feet  per  bed.  In  smaller  towns,  say,  under  5,000 
inhabitants,  this  should  bo  arranged  for  permanently  in  con- 
nection with  tho  civil  hospital  by  the  provision  of  separato 
huts  with  two  beds  for  males,  and  two  for  females,  for  cholera, 
and  small-pox  cases.  In  larger  towns  there  should  bo  separato 
hospitals  well  removed  from  the  centres  of  population,  in  as  open 
a space  as  possible,  with  no  ward  nearer  the  boundary  than  40 
feet.  Such  a hospital  should  bo  provided  with  permanent 
administrative  and  subsidiary  buildings  and  temporary  huts 
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for  the  sick  with  an  observation  hut  for  each  sex  and  each 
disease.  There  should  only  be  sufficient  beds  for  cholera  cases 
to  deal  with  the  class  of  patients  who  have  no  habitation  of 
their  own  or  where  the  private  accommodation  is  quite  in- 
adequate. As  a rule,  cholera  eases  will  require  to  be  treated  in 
their  own  houses,  but  separate  arrangements  should  be  made 
for  housing  the  unaffected  inhabitants  of  infected  houses.  In 
isolation  hospitals,  there  must  be  a separate  subordinate 
medical  staff  and  the  necessary  establishment  for  the  care  of 
the  patients. 

Lying-in  hospital. — It  is  desirable  to  have  this  quite 
separate  and  with  an  establishment  separate  from  the  ordinary 
hospital.  It  must  be  situated  near  the  centre  of  the  population 
which  will  use  it.  It  should  have  an  ample  area  not  more 
than  35  to  45  beds  to  an  acre.  There  should  never  be  more 
than  four  beds  in  a ward,  which  means  eight  patients  includ- 
ing the  infants.;  the  floor  and  air  space  should  be  calculated 
as  for  an  isolation  hospital.  There  should  not  be  more  than 
eight  beds  in  one  ward  unit,  consisting  of  not  more  than  two 
wards  ; there  should  be  two  separate  delivery  wards  for  each 
ward  unit,  one  to  be  under  cleaning  and  one  in  use  ; there 
should  be  a bath-room  or  scullery  to  each,  with  plenty  of  water 
and  means  for  disinfecting  soiled  clothing  ; there  should  be  a 
separate  compartment  for  cleaning  bed-pans  ; the  floor  space 
in  these  delivery  wards  should  not  be  less  than  200  square 
feet,  and  the  floors  should  be  on  the  same  levelhs  those  of 
the  wards  ; they  should  be  j oined  by  an  open-covered  passage 
to  the  lying-in  wards.  It  is  a good  plan  to  have  a by-ward 
in  connection  with  the  delivery  ward  for  the  temporary  caro 
of  specially  exhausted  cases.  In  the  lying-in  wards  tho  scul- 
lery and  latrine  should  be  under  a separate  roof  and  joined 
by  a covered  passage  with  open  sides  ; the  bath-room  may 
bo  in  tho  corner  of  the  vorandah  and  should  bo  supplied  with 
a bath  on  wheels ; the  attendant’s  room  and  the  store  room 
may  also  be  in  the  verandah  corners. 

Dispensaries. — Where  there  is  an  out-patient  depart- 
ment attached  to  a hospital,  the  dispensary  should  be  as  near 
to  the  entrance  to  the  hospital  enclosure  as  possible,  but  have 
a separato  entrance  of  its  own  and  isolated  from  the  hospital 
enclosure.  There  arc,  of  course,  many  dispensaries  through- 
out India  not  attached  to  any  hospital,  and  these  should  bo 
placed  as  near  the  centres  of  population  as  possible,  the  require- 
ments regarding  air,  space,  &c.,  not  being  so  necessary. 
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A disponsary  should  be  thoroughly  well  ventilated  and 
thero  should  bo  plenty  of  light  everywhere.  There  should 
bo  separate  waiting  rooms  or  verandahs  for  each  sex,  sepa- 
rate dressing  rooms  and  separate  windows  for  distributing 
medicines.  There  should  be  a consulting  room  with  a small 
examination  and  operation  room  for  each  medical  man  pre- 
scribing. There  should  bo  a well-fitted  dispensing  room. 
The  walls  of  floors  should  be  tho  samo  as  those  hereafter 
proscribed  for  wards. 

Ventilation. — The  ordinary  ridge  and  eaves  ventilation 
in  India  will  be  sufficient  for  smaller-sized  wards  on  tho  plains. 
In  cold  climates,  where  doors  and  windows  must  bo  shut  at 
nights,  ventilation  must  bo  arranged  for  by  moans  of  short 
flues  through  the  wall  at  the  floor  level  or  by  Tobin’s  tubes 
for  tho  inlet  of  air  and  by  means  of  flues  passing  into  the 
chimney  or  through  the  roof  or  walls  to  independent  out- 
lets. In  very  large  hospitals  on  the  hills,  some  mechanical 
means  may  be  found  necessary.  The  windows  and  doors  in 
all  wards  should  be  opposite  to  one  another.  Windows  in 
permanent  wards  should  extend  from  within  2 feet  6 inches 
of  the  floor  to  a height  2 feet  below  the  eaves  and  should  have 
a combined  area  of  not  less  than  1 foot  to  each  40  feet  of  floor 
space.  Tho  design  of  the  windows  recommended  is  that  sug- 
gested by  the  Indian  Barracks  Commission.  Doors  of  wards, 
operating,  examining  and  out-patient  rooms  should  not  be  less 
than  4 feet  6 inches  wide.  There  should  not  bo  less  than  four 
in  any  ward,  one  at  each  end  and  one  at  each  side. 

Hospital  latrines. — The  ward  latrine  should  be  sepa- 
rated from  the  ward  building ; it  should  bo  on  the  same  level 
and  connected  by  a covered  passage  with  open  sides  not  less 
than  6 feet  in  length ; thero  should  be  one  seat  for  each  fivo 
patients ; the  seats  should  bo  separated  by  partitions.  They 
should  be  as  well  ventilated  and  lighted  as  possible  allowing 
for  their  necessary  privacy;  the  roofs  may  be  of  corrugated 
iron  on  iron  posts. 

The  basement  and  floor  must  be  so  arranged  that  there  will 
be  no  chance  of  urine  or  sullago  water  soaking  into  them  or 
running  over  the  adjacent  ground.  There  should  bo  a room 
for  the  sweeper,  a place  for  an  iron  filth  receptacle  (when  tho 
water  system  is  not  in  use),  and  a small  room  to  keep  bed- 
pans or  excreta  which  has  to  be  inspected.  In  this  room  also 
there  should  be  a tub  in  which  soiled  clothing  could  be  steeped 
in  disinfectants.  In  latrines  for  natives  there  should  be  the 
usual  arrangements  for  ablution, 
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Latrine  Batli 


Bath-rooms. — There  should  be  a bath  and  ablution  room 
in  ono  corner  of  the  ward  verandah  which  should  be  supplied 
with  a bath  on  wheels.  There  should  bo  a small  stove  for 
hoating  water  or  a hot-water  apparatus  as  used  in  military 
hospitals.  The  modo  in  which  latrines  and  bath-rooms  are 
disconnected  from  the  wards  is  shown  in  the  preceding 
diagrams. 

Foundations,  &c. — Tlio  basements  should,  if  possible, 
be  archod  or  otherwise  raised  so  as  to  secure  an  air  space 
in  damp  climatos  never  less  than  3 feet  high.  In  malarious 
climates,  it  is  better  to  have  tlio  ward  floors  at  least  10  feet 
from  the  ground.  In  semi-permanent  buildings  for  cottage 
and  hut  hospitals,  the  permanent  basement  should  not  be  less 
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than  1 foot  high  in  dry  and  warm  climates.  It  should  ho 
filled  in  with  clean  gravel  and  covered  with  not  less  than 
0 inches  of  ooncreto  throughout. 

Walls. — Those  of  permanent  buildings  should  he  made 
as  smooth  and  as  impervious  as  possible  ; their  junction  with 
the  floors  and  at  tho  eaves  should  be  slightly  curved  with  a 
radius  of  not  less  than  2 inches,  the  concavity  being  towards 
tho  interior.  No  cornices  or  raised  work  of  any  character 
should  be  allowed.  A damp  proof  course  should  he  laid  in 
all  permanent  walls.  The  walls  up  to  5 feet  0 inches  high 
may  be  of  white-glazed  bricks  or  covered  with  Portland 
cement  painted  and  varnished,  or  glazed  tiles  with  a suitablo 
border.  The  upper  portion  of  the  walls,  tho  roofs  and  the 
ceiling  may  be  coloured  in  light  tints  of  silicated  paint,  colour- 
washed, or  even  white-washed  according  to  funds  at  disposal. 

Roofs  should  be  of  a pattern  not  offering  surfaces  for  the 
lodgment  of  dust,  hence  roofs  might  be  built  arched  with 
iron  tie-rods  after  the  manner  successfully  adopted  by  Mr. 
Stonev,  Civil  Engineer,  Madras  Railway. 

Drainage. — There  should  bo  ample  surface  drains  to 
carry  off  all  storm  water  with  rapidity.  Tho  disposal  of 
sewage  and  sullage  water  must  vary  with  the  means  at  com- 
mand. If  the  town  possesses  a pipe  drainage  system,  the 
hospital  drainage  should  be  connected  with  it.  If  not,  one 
of  the  various  modes  suitablo  for  single  establishments  by 
ventilated  and  trapped  cesspools  for  temporary  storage  and 
disposal  direct  to  land  for  irrigation  with  or  without  precipi- 
tation, according  to  the  distance  from  the  wards  site,  should 
be  employed.  If  the  expense  of  carrying  sewage  to  a suitable 
site  for  disposal  by  pipes  be  prohibitive,  urine  and  latrine 
washings  should  be  received,  and  bocal  matter  be  collected  in 
tin*  latrines  separately  : the  former  in  covered  wells,  tho  latter 
in  well-tarred  iron  receptacles ; both  should  bo  lemoved  in 
Crowley  or  other  suitable  carts  at  least  once  a day  from  t lie 
hospital  and  disposed  of  as  similar  sewage  is  from  the  rest 
of  the  town,  or.  if  possible,  the  sewage  should  undergo  precipi- 
tation ami  be  disposed  of  by  filtration  through  under-drained 
land  ; the  sludge  and  faecal  matter  should  be  burnt  in  a special 
form  of  cinerator  and  the  ashes  used  as  manure  in  the  garden. 
In  every  hospital  enclosure  there  should  be  a small  simple 
cinerator  for  burning  rubbish,  and  the  ashes  should  be  used 
as  manure. 

Water-supply. — Water-supply  should  be  ample  in  quan- 
tity and  as  pure  as  possible.  If  from  wells  they  must  he  well 
protected  with  good  parapet  walls  and  provided  with  roofs, 
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pumps,  closed. cisterns  with  a tap,  and  an  encircling  platform. 
When  there  is  no  put  lie  water-supply,  the  addition  of  a tower 
to  tho  administrative  blocks  served  by  a force  pump  would 
facilitate  the  distribution  of  water  under  pressure,  .which 
should  certainly  he  arranged  for  at  every  part  where  water 
is  required,  such  as  tho  kitchen,  latrines,  operating  room, 
bath-rooms,  dispensary  room,  post-mortem  room,  laundry, 
out-patients’  department,  dc. 

Semi-permanent  buildings  for  cottage  and  hut 
hospitals  — Tn  warm  climates  such  as  the  Madras  Presi- 
dency, wadis  are  scarcely  required  inwards;  tatty  bamboo 
mats  on  wooden  frames  do  excellently  well  and  can  be 
smeared  with  mud  in  cold  climates  or  they  may  he  painted  ; 
a good  plan  is  to  have  them  hung  on  wire  frames  instead  of 
wood.  The  verandahs  should  he  broad  enough  to  protect  the 
mat  walls  from  the  sun  or  heating  rain. 

Designs  of  hospitads. — The  accompanying  plate  in- 
cludes designs  of  several  hospitals  in  India  and  certain  type 
designs  proposed  for  minor  towns  in  tho  Madras  Presidency. 

Por  no  two  hospitals  will  the  same  design  he  suitable  ; but 
the  grouping  of  the  wards  and  offices  should  always  he  such 
that  — 

(1)  there  is  free  circulation  of  air  around  and  between 

each  ward  pavilion  ; 

(2)  the  spaces  between  each  arc  well  exposed  to  sunshine  ; 

(3)  the  distance  between  each  is  twice  tho  height  of  tho 

pavilion  reckoned  from  tho  floors  of  the  ground 
floor  ward  to  the  caves  if  a very  sloping  roof,  or  to 
half  the  height  of  the  roof  if  a steep  roof; 

(4)  tho  administrative  block,  kitchen  and  store  buildings 

are  placed  as  central  as  possible,  the  ward  pavi- 
lions for  general  diseases,  medical  and  surgical  for 
each  sex,  being  on  either  side.  These  buildings 
should  be  all  joined  together  hv  covered  passages 
open  at  tho  sides,  especially  in  wet  climates  : 

(5)  the  special  wards  should  be  situated  to  the  rear  of  these  ; 

(G)  the  servants’  quarters  should  he  still  further  back, 

the  laundry  at  one  corner  to  the  rear  and  the 
mortuary  and  post-mortem  room  with  a separate 
exit  from  the  enclosure  at  the  other  corner  ; 

(?)  the  out-patient’s  department  should  he  as  near  tho 
entrance  to  the  hospital  enclosure  as  possible  and 
have  a separate  entrance  of  its  own  and  should  be 
isolated  from  the  general  enclosure.  The  ambu- 
lance shod  should  bo  either  in  it  or  close  to  it  ; 
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(8)  the  enclosure  should  be  protected  by  either  a dwarf- 
pierced  wall  or  by  railings  with  only  three  gates 
oue  for  the  hospital,  one  for  the  out-patients’ 
department  and  one  exit  from  the  mortuary. 

Tho  following-  statement  shows  the  cost  of  certain  hospitals 
and  also  the  amount  per  bed  : — 


^amo  and  description  of  hospitals. 

z ® 
Z © 

Cost  per 
bed. 

Total  cost. 

Madras  Government  Lying-in  Hospital. 
— Tho  cosl  including  the  present  super- 
intendent’s quarters,  matron’s  and 
nurses’  quarters,  steward’s  store-room, 
medical  subordinates’  quarters  and  ail 
buildings  of  a permanent  character. 

KS.  A.  I*. 

US.  A.  P. 

131 

2,277  13  4 

3,09,785  0 O 

Madras  Government  Ophthalmic  Hospi- 
tal.— Tho  cost  of  t lie  constructioa  of 
the  hospital,  subsidiary  buildings,  out- 
patients’department  and  medical  sub- 
ordinates’ quarters,  all  permanent 
buildings  exclusive  of  site. 

- 70 

1,872  3 2 

1,42,287  0 0 

Caste  and  Gosha  Hospital,  Madras. — The 
cost  including  the  hospital,  subsidiary 
buildings,  medical  odicers’  quarters,  all 
permanent  buildings  exclusive  of  site. 

' 01 

1,502  8 0 

1,00,000  0 0 

Government  General  Hospital,  Madras, 
special  semi-permanent  isolation 

wards. — The  approximate  cost  of  these 
wards  with  a nurse’s  room,  two  store- 
rooms and  a kitchen  exclusive  of  site. 

41 

403  6 8 

10,000  0 0 

One  of  the  surgical  isolation  hut  wards 
in  the  same  hospital  without  any  sub- 
sidiary buildings. 

10 

300  0 0 

3,000  0 0 

Bellary  Lying-in  Hospital. — Opened  in 
181)4  of  a permanent  character  with 
subsidiary  buildings  and  hospital 
assistants’  quarters. 

8 

008  12  0 

7,750  0 0 

Bellary  Police  Hospital. — Opened  in 
1893  ; wards  and  subsidiary  buildings, 
all  permanent. 

17 

497  5 0 

8,451:  5 3 

Hellore  Jubilee  Lying-in  Hospital. — 
With  wards,  matron’s  quarters  all  of  a 
permanent  nature  exclusive  of  site. 

Taujoro  liajah  Mirasidar’s  Hospital. — 
Buildings  of  a permanent  character, 
pavilion  wards,  subsidiary  buildings, 
administration  block,  and  out-patients’ 
department  and  quarters  for  medical 
subordinates. 

21 

094  8 4 

20,885  0 0 

♦ >-* 
ro 
o 

507  14  5 

68,148  0 3 
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COLLECTION. 

In  a previous  chapter  the  various  sources  from  which  water 
can  he  obtained  have  been  detailed,  all  these  sources,  never- 
theless, depending  on  one  original  source,  viz.,  rain;  the 
several  modes  of  making  the  rainfall  available  are  - 

( 1 ) Direct  collection. — The  rain,  as  it  falls,  is  stored  in 
suitable  receptacles  close  to  the  place  where  it 
is  required. 

(2)  J Veils  and  springs  — The  water  may  be  drawn 

from  the  store  contained  in  the  underlying 
strata  by  sinking  wells,  or,  collected  at  certain 
places  where  it  issues  in  the  form  of  springs. 

(3)  Gather  ing  grounds. — An  area  of  land  is  chosen,  and 

the  rain  falling  thereon  is  collected  and  stored, 
and  thence  distributed  m pipes  or  conduits. 

(4)  Divers  and  streams.—  Water  is  taken  from  a river 

or  stream  by  pumping,  by  branch  channels  or 
otherwise. 

Cisterns,  wells,  &e, — The  first  and  second  methods  are 
those  by  which  the  great  hulk  of  the  population  in  India 
obtain  their  supplies.  In  the  first  method  the  water  is 
collected  in  cisterns,  tanks,  Ac.  This  system  obtains  where 
the  monsoon  rainfall  is  heavy  ; it  is  a system  suitable  for 
isolated  buildiugs,  such  ns  jails,  asylums,  institutions,  &c. 
Or  the  rain  is  collected  from  local  areas  in  large  tanks  ; these 
are  a feature  in  Southern  India.  Where  wells  are  used  they 
are  usually  shallow,  drawing  their  supplies  from  a limited 
area. 
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Tanks. — Tho  third  of  the  methods  mentioned  is  also  one 
which  finds  application  on  a largo  scale,  in  India,  chiefly  for 
irrigation  purposes.  Only  such  tanks  as  can  bo  depended  on 
to  store  a supply  sufficient  for  more  than  a year’s  consumption 
are  suitable  for  use  in  connection  with  a town’s  water-supply. 
The  water  under  this  mode  is  collected  from  an  area  of  laud 
on  which  a fairly  large  quantity  of  rain  usually  falls;  such 
ureas  for  town  water-supplies  must  bo  fairly  free  from  pollu- 
tion and  should  be  uninhabited.  By  reason  of  the  slope  of 
the  ground,  by  existing  streams  or  by  channels  formed  in  the 
ground  the  water  is  conveyed  to  a valley  where  an  embank- 
ment is  raised  and  the  water  dammed  back,  thus  forming 
a tank  or  reservoir.  For  a town’s  supply  a conduit  or  pipe 
carries  the  water  from  tho  reservoir  to  the  town  where  the 
supply  is  required ; if  the  tank  is  an  irrigation  one,  ordinary 
open  channels  distribute  the  supply.  The  formation  of  large 
reservoirs  of  this  kind  is  a responsible  and  difficult  matter 
only  to  be  undertaken  under  competent  advice.  The  first 
object  is  to  secure  tho  safety  of  the  dam  and  to  make  it  per- 
fectly water-tight.  Natural  lakes  may  also  bo  used  for  town 
supplies,  but  any  lake  so  used  must  have  its  surface  level 
considerably  raised  so  that  it  may  be  drawn  down  for  use  on 
occasions  of  short  rainfall. 

River  supplies. — The  fourth  method  of  obtaining  f 
supply  is  by  drawing  water  from  rivers;  in  India  this  source, 
unless  the  river  is  very  large,  is  not  a very  certain  one  ; but  in. 
many  of  the  larger  rivers,  it  is  found,  that  although  in  tho 
hot  season  there  is  no  flow  above  the  bed,  there  is  a How 
through  and  under  the  sandy  bed  of  the  river,  and  this  source 
of  supply  is  one  that  is  often  selected. 

The  proper  methods  of  dealing  with  each  of  those  modes 
of  collection  now  become  the  subject  of  description. 

Small  tanks  and  impervious  areas. — Where  those 
are  iron  or  masonry  tanks, or  cisterns  filled  from  roofs,  or  from 
paved  or  cemented  surfaces,  great  care  must  be  exercised  to  see 
that  the  surfaces  arc  kept  perfectly  clean.  This,  with  large 
amounts  of  impurities  in  the  air  as  well  as  on  the  collecting 
surfaces,  is  practically  impossible,  and  filtration  must  there- 
fore be  resorted  to  before  any  water  so  collected  is  used. 
Unless  the  rainfall  is  fairly  regular,  very  largo  tanks  or 
storage  reservoirs  are  required.  The  system,  however,  is  one 
which  it  is  sometimes  necessary  to  adopt  and  is  suitable  for 
jails,  schools  and  other  isolated  buildings.  For  hospitals 
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the  system  is  not  advisable,  owing  to  the  air  impurities  which 
are  necessarily  large  in  their  immediate  surroundings.  In 
making  concreted  and  cemented  surfaces  for  the  collection  of 
rain  water,  these  should  be  laid  011  the  ridge  and  furrow 
system,  the  whole  surface  being  also  laid  with  a slope 
towards  a collecting  drain.  The  collecting  area  and  the 
storage  tanks  should  be  placed,  if  possible,  on  ground  elevated 
above  the  point  whore  the  supply  is  required  or  extra  expendi- 
ture in  raising  the  water  for  use  is  incurred.  The  water 
from  the  collecting  diain  should  bo  passed  through,  at  least  a 
strainer  if  not  a titter,  and  collected  iu  a covered  reservoir  for 
use.  Such  'an  arrangement  is  shown  in  the  accompanying 
diagram  : — 

O 


Where  there  are  long  periods  of  drought,  if  the  tanks  or 
cisterns  are  the  only  means  of  supply,  they  must  be  large 
enough  to  contain  the  quantity  of  water  required,  say  between 
one  set  of  rains  and  another.  The  gathering  area  must  have 
sufficient  surface  to  collect  the  quantity  thus  required  during 
each  period  of  rainfall. 

Suppose  the  conditions  of  average  rainfalFare  as  shown  in 
the  following  table  ; — 
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Months 


Fall  in 
inches. 


Number  of 
persons  to  he 
supplied. 


Amount 
per  head 
daily. 


January 

Februaiy 

March  ... 

April 

May 

June 

July 

August  ... 

September 

October 

November 

December 


0 

2 

Kit. 

Nil. 


10 

15 

10 

H 

0 

Nil. 

1 


y 


j 


r 

! 

i 

1,000  <j 

! 
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Ol 


rj) 

o 


Q 

a)  co  cu 
CO  — 


The  supply  required  during  the  year  is  2 X 1,000  X 365 
= 730,000  gallons.  The  monsoon  rainfall  alone  need  be 
considered,  that  is  between  May  and  September  during  which 
45  of  rain  falls.  Each  square  foot  of  area  per  1"  of  rain  will 
yield  oue-twolfth  of  a cubic  foot  and  46  ' will  yield  3f-  cubic 

feet  or  2343  gallons.  The  area  required  is  thereto  re 

or  31,156  square  feet.  To  allow  for  dry  years  double  this 
area  would  he  advisable.  With  the  rainfall  distributed  as 
noted  it  would  be  well  to  allow  for  storage  for  not  less  than  8 
months,  the  rainfall  during  the  month  of  May  yielding  less 
than  the  monthly  demand,  viz.,  jh',  but  in  case  of  the  area 
being  doubled  as  above  suggested,  storage  for  seven  months 
might  be  sufficient ; it  is,  however,  desirable  to  provide  storage 
50  per  cent,  at  least  in  excess  of  the  average  demand.  The 
more  exact  methods  of  determining  the  size  of  gathering 
grounds  and  collecting  tanks  arc  dealt  with  in  a later  portion 
of  this  chapter. 

The  svstem  of  collecting  areas  and  storage  tanks  cannot 
bo  made  applicable  to  places  with  limited  or  unfrequent 
falls  of  rain,  not  to  large  populations,  the  expense  being 
considerable. 

The  following  table  shows  the  actual  area  required  to 
supply  the  number  of  persons  noted  with  one  gallon  daily  per 
annum  for  various  depths  of  rainfall ; if  the  depth  assumed 
is  the  average  rainfall  the  collecting  area  ought  to  be  increased 
bv  50  per  cent,  over  the  area  given  : — 
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Iron  tanks  must  necessarily  be  of  limited  capacity  and 
it  is  desirable  to  point  out  that,  in  estimating1  the  collection 
of  rainfall,  only  the  flat  space  covered  by  a roof  must  be 
taken  into  account. 

Tanks. — The  word  ‘ tank  ’ in  India  has  a wider  meaning 
than  that  ordinarily  given  to  it  elsewhere,  and  includes 
artificial  lakes  whether  filled  by  (1)  local  rainfall  or  by  (2) 
rainfall  on  areas  at  considerable  distances  : it  is  to  the  former 
class  (1)  that  attention  is  now  directed.  In  every  village  are 
found  numerous  tanks  used,  very  often  if  not  always,  for  all 
purposes  indiscriminately.  Drinking,  washing,  bathing  go  on 
side  by  side  and  water  is  often  carried  home  for  domestic,  if 
not  dietetic,  purposes.  These  tanks  are  filled  during  monsoon 
periods  from  surfaces  usually  badly  conserved  and  much  pol- 
luted. Their  supplies  are  often  supplemented  by  springs 
within  their  banks,  but  the  water  as  received  into  the  tank  is 
far  from  fit  for  drinking  or  even  washing.  Drinking-water 
tanks,  under  existing  conditions  in  most  Indian  towns  and 
villages,  are  a necessity,  though  they  must  always  be  an  un- 
satisfactory source  of  supply.  Such  tanks  must  be  within 
easy  reach  of  the  population  and  thus  they  are  extremely 
difficult  to  conserve.  In  forming  new  drinking  tanks,  the 
site  selected  should  not  bek  adjacent  to  other  tanks,  cesspools, 
or  hollows  whence  percolation  may  take  place.  The  site 
should,  of  course,  be  lower  than  the  surrounding  area  which 
should  be  entirely  free  from  pollution  and  kept  so.  The 
earth  excavated  from  a new  tank  should  be  placed  round  the 
margin  of  the  tank  and  used  also  for  filling  up  hollow  places 
within  the  conserved  area.  Channels  ought  to  be  formed 
round  the  tank  and  the  water  carried  into  the  tank  by  built 
drains.  No  rainfall  should  be  allowed  to  flow  down  the 
banks  of  the  tank  except  that  falling  directly  on  them.  The 
slopes  and  bottom  of  the  tank  should  be  puddled,  if  the  sup- 
ply is  to  be  received  from  gathering  ground  only,  but  if  it 
is  also  to  come  from  the  bottom  of  the  tank,  sand  three  feet 
in  depth  mav  be  substituted  for  puddle.  No  approach  to  the 
waters  of  a drinking  tank  ought  to  be  permitted.  All  water 
should  be  drawn  from  wells  sunk  in  its  bed  and  by  a pump 
or  pulley  and  rope  arrangement.  A tank  such  as  described 
is  illustrated  on  the  plate  accompanying. 

Plants  and  fish  in  tanks  advisable. — In  all  tanks 
and  reservoirs,  water  plants  and  fish  in  moderate  quantities 
are  a necessity ; the  former  improve  the  chemical  condition 
of  the  water,  the  latter  keep  down  the  number  of  insects, 
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Crustacea,  &c.  All  dead  vegetation  ought,  however,  to  he 
speedily  removed  from  a tank  and  its  margin. 

Capacity  of  tanks. — The  proper  capacity  of  an  open 
storage  tank,  dependent  for  its  supply  on  the  rainfall,  is  not 
easy  to  determine.  It  should  he  capable  of  containing  at  least 
twelve  months’  supply,  and  perhaps  five  gallons  per  head  is 
sufficient  or  more  than  sufficient  for  ordinary  dietetic  purposes. 
When  speaking  of  the  collection  of  water  from  impervious 
areas  and.  its  storage,  calculations  were  made  which  will  show 
the  basis  from  which  those  must  start,  but  further  elements 
enter  into  the  question  of  open  tanks  with  pervious  collecting 
areas.  The  percentage  of  the  rainfall  received  into  the  tank 
will  not  exceed  on  an  average  33  per  cent,  of  the  total  fall. 
The  loss  in  the  tank  from  soakage  and  evaporation  has  also  to 
be  considered  ; for  ordinary  soils,  neither  porous  nor  very 
clayey,  the  total  of  these  two  losses  may  be  taken  to  average 
six  feet  per  annum.  A limited  supply,  say,  two  gallons  per 
head  for  drinking  only,  stored  in  a properly -protected  and 
covered  tank,  is  preferable  to  a larger  supply  more  liable  to 
pollution. 

Conservancy  of  tanks. — Existing  tanks  for  drinking 
purposes  require  careful  watching,  and  they  should  be  im- 
proved as  far  as  possible  in  the  direction  indicated  by  the 
foregoing  remarks.  All  drinking-water  tanks  should  be 
bunded  round  and  fenced  and  all  direct  approach  to  the 
water  shut  off;  adjacent  drains,  cesspools,  &c.,  should  be 
diverted  into  impervious  channels,  closed,  or  otherwise  dealt 
with.  The  gathering  area  of  a tank  should  be  carefully 
protected  from  pollution  and  every  opportunity  should  be 
taken  to  clear  away  decaying  vegetation  and  other  impurities 
from  the  tank.  When  access  to  the  waters  of  a tank  is  shut 
off,  there  must  be  some  means  of  making  the  water  readily 
available.  This  can  be  done  by  wells  sunk  in  the  slopes  of 
the  tank,  but  the  plan  of  building  cisterns  outside  the  protect- 
ing fence  and  filling  these  as  required  by  water  drawn  from 
tho  tank  by  a pump  is  preferable.  The  pump  may  be  a hand- 
pump  or  some  lift  worked  by  cattle  or  by  a windmill.  The 
cisterns  should  have  taps  provided ; the  dipping  of  each 
consumer’s  lotah  into  the  water-supply  is  objectionable  in 
every  way. 

Wells. — Wells  and  springs  are  an  important  source  of 
supply  throughout  the  world ; there  is,  however,  a marked 
distinction  between  the  waters  received  from  shallow,  deep 
or  artesian  wells  ; unfortunately  it  is  from  the  former  class  of 
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well  that  the  bulk  of  tho  people  in  India  derive  their  water- 
supply.  An  ideal  well  is  one  where  the  water  is  drawn 
through  a water-tight  tube  from  a deep  stratum  into  which  the 
water  must  have  filtered  through  suitable  soil,  which  well  is 
covered  and  thus  free  from  all  pollution.  Tho  ordinary 
village  well  of  India  is  usually  shallow,  drawing  its  supply 
from  surface  strata  ; it  is  usually  lined  with  brick  in  clay  or 
other  pervious  material,  sometimes  with  no  lining  at  all  ; 
bats,  snakes,  rats  often  abide  within  it.  It  is  frequently  shaded 
by  trees,  from  which  it  receives  the  decaying  vegetation  ; their 
roots  penetrate  the  sides  of  the  well  and  lend  an  easy  passage 
for  the  carriage  of  the  pollutions  which  generally  surround 
it.  AH  surface  strata  must  be  more  or  less  contaminated 
and  adjacent  to  buildings,  especially  isolated  ones,  there  must 
be  cesspools  or  similar  receptacles,  the  contents  of  which  are 
very  likely  to  bo  drawn  towards,  and  to  contaminate  the  well. 
The  more  a well  is  drawn  down  the  greater  will  be  the  dis- 
tance from  which  its  supply  is  derived,  because  the  surface 
of  the  water  supplying  the  well  must  have  an  inclination  to 
give  it  the  necessary  head  to  overcome  the  friction  in  the 
interstices  through  which  it  flows.  A conical  depression  is 
thus  produced  all  round  the  well,  and,  as  the  surface  of  the 
water  in  the  well  is  lowered,  the  area  of  the  cone  of  depression 
extends  further  and  further  around  it  until  it  reaches  a con- 
si  derable  distance.  The  distance  varies  not  only  with  reference 
to  the  decrease  of  level,  but  also  to  the  porosity  of  the  strata 
from  which  the  water  is  drawn.  The  more  porous  the  ground 
is,  the  greater  is  the  base  of  the  cone  of  depression  (the  apex 
of  the  cone  being  at  the  bottom  of  the  well)  for  any  particu- 
lar depth  of  well ; the  greater  the  density  of  the  strata  the 
steeper  is  the  incline  assumed  by  the  sides  of  the  water  cone. 
The  water  in  wells  is  contaminated  not  only  by  matters  in 
the  soil,  but  it  receives  impurities  such  as  dust,  leaves  and 
other  matters  blown  into  it.  Floods  will  also  wash  organio 
and  inorganic  impurities  into  it ; dirty  vessels  used  for  draw- 
ing water  pollute  it  and  the  washing  of  tho  person  or  clothes 
close  to  a woll  is  highly  injurious.  Wells,  therefore,  ought 
to  be  sunk  in  areas  as  free  from  pollution  as  possible  and  to  a 
considerable  depth.  A weU  ought  to  be  water-tight  except 
in  its  lower  portion  and  be  protected  aU  round  by  a parapet 
wall.  The  water  ought  to  be  drawn  by  a fixed  pulley  and 
bucket.  Arrangements  should  be  made  for  carrying  away 
waste  water  falling  on  the  surface  near  the  well.  No  well 
ought  to  be  sunk  less  than  5 feet  below  the  lowest  known 
water  level.  WeUs  should  be  covered  in  by  a roof  if  the  pulley 
and  bucket  system  is  used.  It  is  a preferable  plan  to  cover  in 
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a well  at  a lower  level  (slightly  above  ground)  and  to.  place  a 
pump  on  it  and  pump  the  water  into  cisterns  in  which  taps 
should  be  fixed.  Sketches  of  wells,  constructed  on  the  pulley 
and  bucket  system,  aro  shown  on  the  accompanying  plate. 
Shallow  drinking-water  wells  ought  not  to  be  placed  near 
burial  grounds,  slaughter-houses,  tanneries,  cesspools  or  sewers ; 
they  should  be  as  far  as  possible  from  dwelling  houses,  from 
cultivated  fields,  tanks  and  other  places  where  animals  or 
clothes  are  washed.  A class  of  shallow  wells,  to  which  refer- 
ence will  be  made  in  a later  portion  of  this  chapter,  is  that 
used  in  water-supply  works  and  stink  in  the  sandy  bed  of 
rivers  ; where  the  rivers  are  broad,  the  supply  ample,  and 
population  at  some  distance  from  their  site,  they  are  not  open 
to  most  of  the  pollutions  enumerated  above. 

Tube  wells. — Abyssinian  or  tube  wells,  as  illustrated, 
are  a useful  class  of  wells,  especially  for  temporary  use  ; they 
consist  of  a tube  of  small  diameter  which  is  driven  into  the 
ground  by  means  of  a pulley  and  falling  weight,  fixed  on  the 
length  of  the  tube  extending  above  the  surface  ; the  lower 
end  has  a steel  point,  and  the  tube  just  above  this  point  is 
pierced  with  holes  through  which  the  water  passes.  When 
the  w'ell  has  been  driven  to  the  required  depth,  a pump  is 
fixed  on  the  top  of  the  tube  and  any  water  available  obtained. 
These  wells  are  useful  in  light  and  sandy  soils  highly  charged 
with  water  at  such  places  as  small  villages,  isolated  houses, 
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Where  ground  is  very  porous  holding  large  quantites  of 
water  within  20  or  25  feet  of  the  surface,  a largo  number  of 
tube  wells,  formed  by  driving  into  the  ground  steel  or  iron 
tubes  6 " to  12  " in  diameter  or  larger,  may  be  sunk  and 
these  all  connected  to  a central  tube  over  which  a pump  is 
placed.  In  several  places  such  a system  is  in  use,  but  care 
must  be  taken  to  place  the  wells  so  far  apart  that,  when  pump- 
ing, the  supply  from  one  well  does  not  reduce  that  from 
another. 

Deep  wells. — Deep  wells  drawing  their  supply  from 
strata  lying  low  in  the  earth  are  in  a different  category  from 
the  wells  mentioned  above  and  any  impurities  in  their  waters 
aro  usually  inorganic.  There  are  two  classes  of  deep  wells, 
those  in  which  a shaft  is  sunk  into  a water  bearing  stratum 
where  water  lies  at  a low  level  and  which  is  then  pumped  up 
to  the  surface,  and  those  where  the  water  naturally  rises  to 
or  near  the  surface  or  above  the  local  subsoil  water  level. 
The  latter  are  called  artesian  wel Is.  From  the  former  class 
adits  are  sometimes  driven  in  various  directions  from  the 
bottom  of  the  well  so  as  to  enlarge  the  area  of  (collection. 
These  are  made  to  follow,  as  far  as  possible,  the  line  of 
fissures  in  the  rock  from  which  the  water  is  being  obtained. 

Artesian  wells. — Artesian  wells  are  a valuable  source 
of  artificial  supply  of  water ; as  to  the  supply  to  these  wells  the 
theory  is  this,  viz.,  that  water  descending  through  a perme- 
able stratum  of  the  earth  and  reaching  either  a cavity  or  a 
bed  of  spongy  or  porous  material  will  accumulate  there,  if 
its  egress  is  prevented  by  an  impervious  surrounding 
stratum ; then,  if  an  artificial  opening  or  well  be  made  into 
this  water-bearing  bed,  the  water  will  rise  upward  to  a 
height  due  to  the  superior  elevation  of  the  source.  These 
wells  are  called  artesian,  having  been  long  adopted  in 
Artois  in  France.  A well  of  this  kind  will  deliver  water 
above  ground  if  its  source  is  sufficiently  high  ; thus,  in  tho 
following  sketch  the  water  in  well  A would  rise  above  ground, 
whereas  at  B,  it  would  only  rise  to  a level  somewhat  less  than 
the  height  of  tho  line  C D. 
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Wells  of  this  kind  have  been  driven  at  Pondicherry  and 
proved  a success.  A trial  at  Madras  proved  a failure,  while 
at  Ennore,  near  Madras,  where  the  borings  have  gone  much 
deeper,  partial  successes  have  been  obtained.  Artesian  wells  are 
driven  to  a great  depth ; one  celebrated  well,  that  of  Grenelle 
in  France,  reached  a depth  of  1,794  feet.  The  supply  of  water 
from  this  well  exceeded  888,000  gallons  per  24  hours.  The 
waters  of  all  artesian  wells  are  not  necessarily  fit  for  potable 
purposes,  because  the  water  may  hold  matters  in  solution 
which  may  render  it  not  only  unpalatable  but  even  dangerous 
to  health. 

Springs. — Springs  are  simply  places  where  water 
naturally  issues  from  tho  ground  where  it  has  been  stored 
in  some  subterranean  stratum  ; they  are,  practically,  natural 
artesian  wells.  The  water  from  these  can  be  collected  in 
cisterns  or  led  on  to  filter  materials  and  then  carried  to 
wells  whence  it  can  be  distributed  by  pumping  or  other- 
wise. The  water-supply  of  Cuddapah  is  derived  in  this  way 
from  the  Booga  springs  and  the  mode  of  collecting  the 
water  is  shown  on  the  accompanying  plate.  The  springs 
formerly  fed  a channel,  this  was  enlarged,  the  springs 
cleared  out  to  some  distance  back  from  the  channel,  both 
were  then  filled  with  clean  gravel,  collecting  pipes  having 
been  previously  laid  at  the  bottom  of  the  lowered  channel ; 
the  pipes  lead  the  water  to  a well  whence  it  is  pumped  into  a 
service  reservoir.  At  Ootacamund  a spring  is  used  to  supply 
what  is  known  as  Old  Ootacamund  ; there,  loose  jointed  pipes 
laid  in  drains  on  the  hill  side  carry  the  water  to  a cistern 
whence  pipes  distribute  the  supply. 

The  supply  from  wells  and  springs  may  vary  and 
in  dry  seasons  often  fail,  so  that  they  are  not  a sure  source 
of  supply  until  after  many  years  of  observation  have  deter- 
mined them  to  be  so.  In  regard  to  the  quantity  of  water 
to  be  obtained  from  wells  and  springs  no  rule  can  be  given ; 
their  store  is  not  unlimited,  rainfall  is  their  only  source  of 
supply  ; thus  the  supply  cannot  be  greater  than  the  amount 
of  rain  their  strata  can  collect,  nor  of  that  portion  of  it  which 
can  be  made,  or  induced,  to  flow  towards  them.  The  esti- 
mation of  the  supply  requires  considerable  experience.  Deep 
seated  wells  sometimes  yield  from  -3  to  ’5  of  the  rainfall 
falling  on  the  surface  drained  by  them.  The  supply  obtain- 
able from  a well  at  any  particular  period  without  permanently 
lowering  its  surface  can  be  guaged  by  withdrawing  a portion 
and  then  observing  how  long  it  takes  to  fill  up  to  the  same 
level,  but  by  permanently  lowering  the  surface,  more  will 
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probably  be  obtainable  ; the  amount  of  rainfall,  tho  character 
of  the  strata,  and  its  water-bearing  capacity,  however,  limit 
the  quantity  finally  obtainable  without  running  the  well  dry. 

The  greatest  percolation  takes  place  in  India,  during 
aud  immediately  after  the  monsoon  periods.  The  greatest 
quantity  of  water  is  collected  in  broad  basins  or  by  the 
gradual  How  through  long  distances  in  a porous  stratum 
such  as  river  beds.  Fanning  makes  an  approximate  calcu- 
lation of  the  volume  of  percolation  into  ono  square  mile  of 
porous  gathering  area  covered  with  the  ordinary  superficial 
layer  of  vegetable  soil,  under  unusually  favourable  conditions, 
assuming  that  the  mean  annual  rainfall , is  40  inches  and 
that  in  dry  years  only  60  per  cent,  of  this  annual  porcola- 
tion  takes  place  and  gives  the  following  table  : — 


Percolation  of  rain  into  one  square  mile  of  porous  soil ; assumed  mean  annual  rain  40  Inches  depth. 
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§ 

•jaqraaoaQ 

•801  1 
2-670 
•70 
1-869 
1121 

2,604,307 

16,802 

•jaqmaAO^i 

•937 

3-123 

•50 

1-561 

•937 

2,176,838 

14,512 

•jtaqo^oo 

1-076 

3-587 

•20 

-717 

•430 

998,976 

6,445 

•jaqtuo^deg 

1015 

3-383 

01 

•034 

•020 

46,464 

310 

•^snSny 

1-251 

4-170 

•005 

•021 

•013 

30,202 

195 

1 

•Anr 

1-077 

3-590 

•01 

•036 

•022 

51,110 

330 

•eunf 

•964 

3213 

•02 

•064 

•038 

88,282 

588 

•I-epj 

1-462 

4-873 

•055 

•268 

161 

374,035 

2,413 

qiidy 

•814 

2-713 

•15 

•407 

•244 

566,861 

3,779 

•qojrej^ 

1-070 

3567 

•45 

1-605 

•963 

2,237,242 

14,434 

' 

•jf.ien.xqej 

•796 

2-653 

•40 

1-061 

•637 

1,479,878 

10,570 

-,f  j-enuef 

•737 

2-457 

■50 

1-228 

•737 

1,712,198 

11,046 

Ratios  of **2  of  mean 
annual  rain. 

Inches  of  rain  each 
month. 

Ratios  of  percola- 
tion. 

Mean  inches  of  rain 
percolating. 

Sixty  per  cent,  of 
rain  percolating 
in  dry  years. 

Volume  of  h 
percolation  { .2  -g 
in  dry  C | « 

years.  / 

Number  of  persons 
it  would  supply  at 
5 cubic  feet  each 
daily. 
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'This  tablo  is  applicable,  of  course,  only  to  cases  where  tho 
monthly  distribution  of  rainfall  is  similar  to  that  given; 
the  percolation  in  India  during  monsoon  months  docs  not 
exceed  from  25  per  cent,  to  30  per  cent. ; with  very  heavy 
rain  a very  much  largor  proportion  Hows  off  than  during 
moro  modorato  rainfall  and  during  light  rainfalls  a very 
largo  proportion  is  evaporated. 

Fanning  says  that,  from  springs  with  the  aid  of  storage 
reservoirs,  it  might  be  possible  to  utilize  50  per  cent,  of  the 
volume  of  percolation  and  from  wells  not  more  than  from 
10  percent,  to  20  per  cent. 

Gathering  grounds. — Gathering  grounds  or  catchment 
basins  are  in  India  the  most  ordinary  source  of  water-sup- 
plies. The  majority  of  works  already  executed  are,  of  course, 
for  irrigation  purposes  and  not  for  town  supplies.  Many 
considerations  enter  into  tho  question  of  the  selection  of 
gathering  grounds  for  the  latter  purpose  which  do  not  require 
attention  in  relation  to  the  former ; thus,  purity,  the  results 
of  the  chemical  analysis  of  tho  water  obtained  from  tho 
proposed  area,  the  possibility  of  protecting  the  area  from 
future  contamination,  the  absence  of  inhabited  villages  or 
even  isolated  dwellings,  are  questions  which  need  hardly  be 
considered  in  regard  to  irrigation  supplies.  The  selection 
of  a gathering  ground  is,  therefore,  as  already  stated,  a 
matter  which  requires  considerable  study  not  only  with  refer- 
ence to  those  points  noted  above,  but  in  regard  to  the  rain- 
fall, its  periodicity  and  variation,  the  discharge  due  to  the 
rainfall,  &c. 

The  quantity  of  water  which  can  be  obtained  from 
gathering  grounds  is  difficult  to  determine.  The  amount 
of  rainfall  itself  can  be  estimated  only  by  a long  series  of 
rain-gauge  observations  and,  where  the  catchment  area  is 
extensive  and  of  varied  elevation,  many  rain-gauge  stations 
must  have  been  in  existence  or  must  be  established  and 
observations  at  each  obtained  during  many  years.  The  longer 
the  period  over  which  observations  have  extended  the  more 
correctly  can  the  probable  annual  rainfall  be  estimated.  A 
good  record  of  thirty-five  years  may  bo  accepted  as  sufficient, 
and  a record  of  fifty  years  is  as  good  as  that  of  any  longer 
period.  If  tho  period  of  observation  is  shorter,  the  probable 
error  may  bo  taken  to  amount  to  about  the  percentages 
below : — 


K K 
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For  a five-years’  record 


,,  ten  do. 

,,  fifteen  do. 
,,  twenty  do. 
,,  twenty-five  do. 
,,  thirty  do. 
,,  thirty-five  do. 


16  85  per  cent,  error. 

964  do.  do. 

6-08  do  do. 

4-77  do.  do. 

360  do.  do. 

3-03  do.  do. 

2-30  do.  do. 


That  is,  the  average  rainfall  may  be  16-85  per  cent,  above  or 
below  that  determined  by  a five-years7  period  of  observation, 
9'64  per  cent,  for  a ten-years7  period,  and  so  on.  Average 
figures  are,  however,  of  very  little  use  in  dealing  with  questions 
of  storage,  &c.,  and  the  plan  of  obtaining  the  greatest  number 
of  observations  available,  adding  them  up  and  then  taking 
the  arithmetical  mean  is  not  a method  with  which  engineers 
will  now  content  themselves.  The  maximum  and  minimum 
falls,  the  longest  consecutive  dry  and  wet  periods  and  the 
maximum  and  minimum  falls  in  the  three  wettest  and  three 
driest  consecutive  years  are  the  points  that  require  the  greatest 
attention.  There  will,  in  any  record,  be  years  of  greatest 
and  least  fall,  but  it  is  not  possible  to  select  such  years  and 
determine  the  size  of  the  gathering  ground  in  relation  to 
the  latter  and  the  size  of  the  storage  tank  in  reference  to 
the  former  ; it  has  been  determined  that  it  is  practically 
impossible  to  spread  the  equalization  over  a longer  period 
than  three  years,  and  therefore  all  calculations  should  be 
based  on  the  amount  of  the  rain  falling  in  the  three  driest 
years  that  come  together. 

The  following  results  are  taken  from  tables  prepared  by 
Mr.  A.  Binnie,  Inst.C.E.,  and  relate  to  India  ; they  are 
based  on  the  records  of  nine  stations  extending  over  a total 
period  of  430  years.  Suppose  that  the  arithmetical  mean  of 
all  the  yearly  falls  is  taken  as  unity,  then — 

The  maximum  or  wettest  years  is  represented 

by  a fall  of  ..  ..  162 

The  minimum  or  driest  years  is  represented 

by  a fall  of  ..  0 52 

The  two  wettest  consecutive  years  is  repre- 
sented by  a fall  of  . . . . . . . , 1 42 

The  two  driest  consecutive  years  is  repre- 
sented by  a fall  of  . . . . . . . t q-66 

The  three  wettest  consecutive  years  is  repre- 
sented by  a fall  of  ..  ..  ..  ...  i3o 

Ihe  three  driest  consecutive  years  is  repre- 
sented by  a fall  of 


• • 


• • 


• • 


• % 


0-72 
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If  those  figures  are  used  mathematically  and  R represents 
the  mean  rainfall  over  a long  period  (reduood  if  necessary 
by  the  proportion  already  given), 

then  the  rainfall  in  wettest  yt'ar  = 162  R 

,,  rainfall  in  driest  year  = 0‘52  R 

,,  mean  of  three  driest  consecutive 

years  = 0 72  R 

While  the  amount  of  rainfall  is  a purely  local  circum- 
stance, the  fluctuations  to  wrhich  it  is  subject  are  the  same 
in  nature  and  proportionate  amount  for  nearly  all  places  in 
the  world,  the  laws  governing  such  fluctuations  being  appa- 
rently of  general  application. 

Approximate  determination  of  yield. — The  deter- 
mination of  the  probable  yield  of  a gathering  ground  is 
somewhat  difficult ; in  estimating  the  probable  yield  it  is 
necessary  to  take  into  account,  the  quantity  of  rain  at  each 
fall,  the  period  between  each  fall,  and  the  geological  character 
of  the  gathering  ground.  To  estimate  accurately  the  yield, 
it  is  necessary,  therefore,  to  know  at  least  the  monthly  fall 
during  the  period  of  the  three  driest  years.  Before  going 
into  detailed  calculation,  however,  it  is  convenient  to  be  able 
to  estimate  readily  an  approximation  to  the  quantity  likely 
to  be  received.  This  may  be  done  by 'considering  one-third 
of  the  monsoon  rainfall  in  inches  (the  remaining  portion  of 
the  fall  during  the  year  may  be  neglected)  as  possible  oi 
collection  and  storage  and  taking  this  the  monsoon  fall  as 

represented  by  RM  and  A as  the  area  of  the  gathering 
ground  in  acres,  then — 

Rm 

Cubic  feet  of  water  per  annum  = 3630  A— 

Rm 

Gallons  of  water  per  diem  = 6215  A — 

For  example,  supposing  the  monsoon  fall  of  any  one  year 
to  be  39"  and  the  drainage  area  4,224  acres,  the  probable 
collection  would  be  as  follows  : — 

Cubic  feet  of  water  per  annum  3,630  X 4,224  X V 

= 109,330,560 

Gallons  of  water  per  dav  62  1 5 X 4,224  x V* 

= 3,412,780. 

Estimation  of  yield. — There  is  not  much  to  guide  an 
engineer  in  estimating  in  detail  the  probable  supply  to  a 
tank.  Mr.  Binnie  (now  Engineer  to  the  London  County 
Council),  when  in  the  Public  Works  Department  of  India, 
made  a large  number  of  observations  with  reference  to  the 
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gathering  ground  of  the  Ambajheri  (Nagpur)  tank ; these 
have  since  been  verified  by  Mr.  Penny  from  the  records  of 
18  years  since  the  construction  of  the  tank.  The  results  of 
these  investigations  may  be  tabulated  thus  : all  other  rainfall 
than  monsoon  falls  should,  for  the  purpose  of  investigation, 
bo  neglected. 


Aggregate  mon- 
soon rainfall  in 
inches. 

Binnie’s  per- 

centages. 

Aggregate  mon- 
soon rainfall  in 
inches. 

Binnie’s  per- 

centages. 

| . 

Aggregate  mon- 
soon rainfall  in 
inches. 

Binnie’s  per- 
centages. 

Aggregate  mon- 
soon  rainfall  in 
inches. 

Binnie’s  per- 

centages. 

1 

1 

13 

10 

25 

22 

37 

35 

2 

l 

14 

11 

26 

23 

38 

36 

3 

2 

15 

12 

27 

24 

39 

37 

4 

3 

16 

13 

28 

25 

40 

39 

5 

3 

17 

14 

29 

26 

41 

40 

G 

4 

18 

15 

30 

28 

42 

40 

7 

5 

19 

16 

31 

29 

43 

40 

8 

5 

20 

17 

32 

30 

• 44 

40 

9 

6 

21 

18 

33 

31 

45 

40 

10 

7 

22 

19 

34 

32 

11 

8 

23 

20 

35 

33 

12 

9 

24 

21 

36 

34  [ 

From  these  percentages  the  discharge  for  each  month 
and  the  size  of  the  storage  reservoir,  which  is  necessary  to 
compensate  for  the  demand  during  the  periods  of  drought, 
can  be  determined. 

For  example,  if  the  average  annual  monsoon  rainfall  in  a 
case  whore  the  observations  extend  for  a period  of  ten  years 
only  is  as  noted  below  and  the  drainage  area  is  1 8 25  square 
miles,  the  supply  to  the  reservoir  would  be  thus  estimated 


Month. 

Monsoon  rain- 
fall as  gauged 
in  inches. 

Available  rainfall  in 
inches  after  allow- 
ing 9'64  per  cent, 
for  probable  error 
or  deviation. 

Aggregate  rain- 
fall in  inches  up 
to  end  of  month. 

Percentage  flow- 
ing off  ground. 

Aggregate  flow 
in;inches  up  to 
end  of  month. 

Flow  during 
each  month. 

Yield  from  total 
drainage  area 
— million  c.ft. 

May 

Juno 

July 

August  ... 
September. 
October  .. 
November  . 

035 
212 
1-46 
1-97 
5 31 
8-95 
052 

1 

0.32  0-32 

192  224 

1-32  3-56 

1-79  5 35 

480  10-15 

809  18-24 

0-47  18-71 

1 

2 

3 

4 
8 

16 

16 
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•044 

•1068 

•2140 
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2-9184 

2-9936 

•003 

•041 

•062 

•107 

•598 

2-106 
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125 

1720 
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DEWAND  UPON  THE  RESERVOIR 
IN  BILLIONS  OF  CUBIC  FEET 

MELD  FROM  DRAINAGE  AREA 
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Capacity  of  reservoirs. — The  method  most,  com- 
monly adopted  to  decide  the  capacity, which  a storage  reservoir 
should  have,  depends  on  the  consideration  of  the  greatest 
period  of  drought  only  (in  the  three  driest  years).  Any  prob- 
able quantity  is  then  assumed  for  the  capacity  and  the 
reservoir  supposed  to  be  full  at  the  beginning  of  period 
of  drought.  By  simple  addition  of  supply  and  subtraction 
of  consumption  during  several  months  the  calculation  is  con- 
tinued. Should  there  be  a negative  or  minus  result  the 
capacity  is  increased  and  the  calculation  repeated. 

The  following  formula  is  an  empirical  rule  based  on 
the  conditions  which  obtain  during  a period  of  the  throe 
consecutive  driest  years. 


Let  BM  be  the  average  discharge  during  the  monsoon  fall 
of  the  three  driest  years,  then  the  numbor  of  days  storage  to 


1000 


be  provided  is  = Z.  For  example,  taking  B M as  13," 


then  v/Bm=3'6  and  Z = 277  days,  and  the  volume  of  water 
to  be  stored  is  (1)  the  demand-}-  (2)  the  loss  by  evaporation+ 
(3)  any  other  supply  such  as  compensation,  water  irrigation, 
&c.  The  formula  is  only  strictly  applicable  when  (3)  amounts 
to  from  one* third  to  one- fourth  of  the  available  supply  from 
the  drainage  or  catchment  area. 


Graphic  method  of  determining  the  necessary 
capacity  of  a tank. — The  following  is  a description  of 
a graphic  method  for  determining  the  storage  capacity  of  a 
reservoir  proposed  by  Mr.  W.  Bippl  of  Gratz  (Styria). 

The  successive  intervals  of  time,  say  one  month,  for 
which  the  supply  to  the  reservoir  and  the  outflow'  from 
reservoir  as  estimated  are  set  off  along  an  axis  as  abscissaB. 
The  available  supply  to,  and  the  outflow  from,  the  reservoir 
during  each  interval  are  set  up  as  ordinates.  The  curved 
lines  so  obtained  are  denominated  briefly  the  supply  curve 
and  the  demand  curve. 

The  demand  curve,  D C (see  plate)  would  be  a uniform 
straight  line,  if  the  draught  on  the  reservoir  was  exactly  the 
same  each  month  and  if  tholoss  due  to  evaporation  w'ero  con- 
sidered as  being  one-twelfth  of  the  yearly  loss.  In  the 
diagram,  it  will  be  seen  that  the  demand  varies,  because  the 
loss  by  evaporation  and  percolation  is  based  on  the  area  of 
the  water  spread  of  the  tank  during  each  month,  fths  of 
a foot  per  month  being  allowed  for  the  monsoon  months 
and  |ths  of  a foot  per  month  for  the  other  months. 
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At  tho  end  of  each  month  the  difference  between  the 
two  ordinates  shows  a surplus  (positive)  or  a deficiency 
(negative)  according  as  tho  supply  is  greater  or  less  than 
the  demand.  At  each  interval  the  ordinates  are  measured 
and  the  surpluses  and  deficiencies  are  eutered  in  a table 
as  under  : — 


Periods  for  which  the 
successive  surpluses 
and  deficiencies  are 
estimated. 

Differences. 

Algebraic  sum 
or  ordinate  of 
mass  curve. 

Surplus 

+ 

When  supply 
ordinate  is" 
greater  than 
demand  ordi- 
nate. 

Deficiency 

When  supply 
ordinate  is  less 
than  demand 
ordinate. 

Million  cubic 
feet. 

Million  cubic 
feet. 

Million  cubic 
feet. 

1 

2 

3 

4 

1877  end  of  August  

0 

1877. end  of  September 

20-22 

20-22 

1877  end  of  October 

85'01 

105:23 

1877  end  of  November 

2-12 

103-11 

1877  end  of  December 

8-83 

91-28 

1878  end  of  January 

8-83 

85*45 

1878  end  of  February 

8’79 

1878  end  of  March 

S"79 

1878  end  of  April  

8‘79 

59‘08 

1878  end  of  May  

4*81 

54-27 

1878  end  of  June  

6*99 

50‘28 

1878  end  of  July 

5-50 

55'78 

1878  end  of  August 

3-01 

5972 

1878  end  of  September 

36-76 

06-48 

1878  end  of  October 

4346 

139*94 

1878  end  of  November 

40*63 

180*57 

1878  end  of  December 

8'91 

171*66 

1879  end  of  January 

8-91 

16275 

* 

* 

* 

* 

* 

* 

* 

♦ 

From  the  above  table  the  numbers  in.column  4 are  then 
set  off  in  a diagram  as  ordinates,  the  abscissa  being  the 
intervals  of  time  as  before.  The  curve  obtained  by  joining 
the  ends  of  these  ordinates  is  denominated  the  mass  curve 
and  is  illustrated  in  the  lower  figure  of  the  plate. 

When  the  quantity  in  the  reservoir  is  increasing,  the 
curve  ascends,  and  when  diminishing,  the  curve  descends. 
The  periods,  when  the  supply  and  the  demand  are  equal,  are 
indicated  by  crests  and  hollows  Hi,  H2,  Ii3,  H4,  and  H5  in 
the  figure. 

The  deficiency  during  the  period,  from  end  of  October 
.1877  to  end  of  .Tune  1878,  is  105*23— 50-28  or  54*95  millions 
cubic  feet.  The  tank  must  be  of  large  enough  capacity  to 
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cover  this  deficiency,  and  the  period  from  which  the  storage 
must  have  commenced  to  cover  this  deficiency  is  found  by 
drawing  an  horizontal  line  II2  Ki,  -backwards  from  H2, 
until  it  meets  an  ascending  part  of  the  curve.  The  lines 
K2  Ha  and  K3  H5  indicate  the  periods  within  which  the 
surplus  during  one  part  of  each  period  must  be  stored,  to 
balance  the  deficiency  in  another  part  of  the  period,  with 
the  storage  capacities  required  to  meet  the  fluctuations  during 
each  period  as  shown  by  vertical  lines  Si,  82  and  83. 

Thus,  the  greatest  possible  vertical  distance  Sa  on  the 
section,  which  is  for  a period  of  over  five  years  and  includes 
the  three  known  driest  years,  gives  the  capacity  required  for 
the  storage  reservoir  to  equalize  the  period  of  maximum 
demand  and  minimum  supply  during  that  period. 

The  quantity  of  water  which  flow's  awa}:  or  is  not  re- 
quired during  the  periods  represented  by  Ki  H2  and  K2 
Ha  and  Ka  H5  is  shown  by  the  vertical  lines  Wi,  W2  and 

W8. 

When  the  descending  part  of  the  curve  falls  below  the 
line  of  axis  C D,  it  indicates  that  the  demand  during  the 
period  considered,  is  greater  than  the  supply.  80  long,  how- 
ever, as  sum  of  all  the  surpluses  in  column  2 of  the  table 
is  greater  than  the  sum  of  the  deficiencies  in  column  3, 
the  supply  is  enough  to  meet  the  demand.  The  curve  will 
fall  below  the  line  of  axis  for  certain  reasons,  viz.,  that  either 
the  drainage  area,  the  rainfall  over  which  is  intercepted  by 
the  reservoir,  is  too  small  and  therefore  requires  to  be 
extended  which  is  the  most  probable,  or  the  period  of  time 
over  which  the  curve  extends  is  not  sufficiently  long  to 
give  correct  results. 

Evaporation  and  absorption. — In  India  one  of  the 

most  important  points  to  consider  when  determining  the 
proper  capacity  for,  or  the  available  supply  from,  a reservoir 
or  tank,  is  the  loss  which  must  be  allowed  for,  due  to  evapo- 
ration and  absorption.  The  major  portion  of  such  loss 
occurs  during  the  dry  season  and  it  is  a varying  quantity 
depending  on  the  dryness  of  the  air  and  the  velocity  of  the 
wind.  The  amount  to  be  deducted  on  this  account  is,  wffiere 
no  observations  are  available,  a matter  of  experience  and  an 
amount  varying  very  greatly  at  one  place  from  another. 

John  Dalton’s  formula  for  evaporation  as  simplified  by 
Dr.  Pole  is  — 
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T = temperature  of  the  atmosphere  in  degrees,  Faren- 
heit. 

t = dew  point  pr  the  lower  temperature  at  which  mois- 
ture began  to  be  deposited  and  which  compared  with  1 
shows  the  state  of  dryness  of  the  atmosphere. 

W = velocity  of  wind  in  miles  per  hour. 

E = evaporation  in  inches  per  diem  from  a water  sur- 
face. 

A = a co-efficient  which  is  80  for  high  temperatures  and 
100  for  low  or  winter  ones. 

This  formula  will  be  fairly  correct  for  moderate  temper- 
atures in  India,  but  for  high  and  dry  temperatures  the 
result  will  be  too  small. 

One  point  of  importance  is  that  a shallow  tank  will  evapo- 
rate more  than  a deep  one  and  for  this  reason,  as  well  as 
because  less  water  surface  is  exposed  for  the  same  capacity, 
tanks  should,  if  possible,  be  made  deep  rather  than  broad. 

A fairly  safe  rule  for  the  plains  is  to  allow  for  a depth 
of  6 feet  over  the  average  area  of  the  reservoir  to  cover  losses 
from  evaporation  and  absorption  combined  and  a still  closer 
approximation  is  obtained  by  allowing  2 feet  of  depth  for 
the  monsoon  months  and  4 feet  for  the  non-monsoon  months 
over  the  mean  area.  A more  correct  approximation  is  to 
allow  the  latter  depths  not  over  the  mean  area,  but  over  the 
area  or  water  spread  as  under  — 

For  the  monsoon  months,  L = f A and  for  the  non- 
monsoon months,  L = ^ A. 

- Where  L = lose  by  evaporation, 

(jp — — \ 

— 2 — / 

Where  B = balance  of  water  in  the  reservoir 
at  the  end  of  the  previous 
month  in  cubic  feet. 

F = rainfall  flow  into  the  reservoir 
during  the  month  in  cubic  feet. 

C = monthly  town  consumption  in 
cubic  feet. 

The  following  observations  were  made  at  the  Tansa  Lake 
of  the  Bombay  Water  Works  during  construction,  and  at 
seasons  when  no  water  was  being  drawn  to  the  tank  and 
none  coming  in  : — 
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Date. 

1890. 

1801. 

It.  L.  of  lake 

Vertical  loss 

lt.L.  of  lake 

Vertical  loss 

surface. 

in  mputh. 

surface. 

in  mouth. 

1st  January 

83031 

0-39 

880’05 

0’44 

1st  February 

8o5‘92 

0-03 

879-01 

0-47 

1st  March  

855 -29 

0-51 

879-14 

0-08 

1st  April  

85175 

0-57 

878-51 

0'04 

1st  May  

351U8 

0-81 

377-87 

0-78 

1st  Juno  

353-37 

377-09 

-2-90 

Captain  Ward,  R.E.,  (Madras  Military  Works)  prepared 
a table  from  which  the  amount  of  evaporation,  &c.,  might  be 
estimated.  The  following  figures  aro  extraoted  therefrom : — 

Approximate  table  of  monthly  evaporation  in  feet  in  a large  reservoir 
due  to  a given  mean  temperature  and  relative  humidity. 


Mean 

temperature. 

O 

05 

3 

70 

0 

75 

O 

89 

O 

85 

O 

90 

O 

93 

Degree  of 
humidity 

saturation 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

= 100. 

88 

'll 

•17 

•19 

•21 

•24 

•27 

•30 

85 

•19 

*22 

-22 

•23 

•27 

•30 

•33 

80 

•2-2 

•27 

•29 

•30 

•32 

•30 

•38 

75 

•21 

•29 

•83 

•35 

•37 

•40 

•42 

70 

-20 

•30 

•34 

•35 

■38 

•42 

•44 

05 

-28 

•31 

■34 

•go 

•40 

•44 

*40 

60 

•80 

•35 

•38 

•40 

•42 

•17 

•49 

55 

•32 

•37 

•42 

•40 

•50 

•52 

•54 

50 

•35 

•40 

•45 

•50 

*55 

•oo 

•62 

45 

*45 

•50 

•57 

•07 

71 

75 

78 

40 

•ot 

•oo 

•70 

72 

77 

•82 

•84 

Note. — Tho  above  table  was  compiled  from  the  observations  of  Mr. 
Conybeare  at  the  Vehar  Reservoir  near  Bombay,  and  from  those  of  Mr. 
Binnie  at  Nagpur — See  pages  39  and  GO  of  “Indian  Meteorological” 
Statistics  forming  one  of  the  appendices  to  Jackson’s  “ Hydraulic  Manual,” 
Edition  of  1S75  and  table  V,  page  28  of  Mr.  A.  R.  Binnie’s  paper  on  the 
Nagpur  Water  Works,  forming  Part  I of  the  Proceedings  of  the  Institution 
of  Civil  Engineers  during  the  session  of  1871-75.  The  assumption  made 
in  drawing  up  this  table,  which  can  only  be  considered  an  approximation 
to  the  truth,  is  that  the  depth  of  water  evaporated  in  a large  reservoir  in 
any  locality  varies  directly  as  the  mean  temperature,  and  inversely  as  the 
mean  relative  humidity  of  the  air.  Where  the  Bombay  and  Nagpur  data 
did  not  agree  a tneau  was  taken  between  them. 
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Rivers,  streams  and  channels. — Drawing  water 

from  these  is  the  fourth  method  of  making  rainfall  available. 
In  India  it  is  one  of  very  general  application,  but  in  the 
majority  of  oases  for  only  a portion  of  the  year.  Rivers  of 
considerable  magnitude  only  are  perennial  in  India  and  the 
chief  point  to  be  considered  when  considering  such  as  a source 
of  supply  is  in  regard  to  their  purity,  the  results  of  chemical 
analysis  and  whether  their  waters  can  be  easily  rendered  fit 
for  potable  purposes.  All  rivers  of  any  magnitude  are  likely 
to  be  turbid,  a large  amount  of  impurity  being  held  in  mecha- 
nical suspension.  There  will  also  be  mineral  impurities  derived 
from  subsoil  supplies  to  the  river.  These  would  render  the 
water  very  hard,  but  this  hardness  is  greatly  modified  by  the 
amount  of  surface  water  which  goes  to  feed  the  river.  The 
most  dangerous  impurity  in  river  water  is  organic  contami- 
nation due  to  the  population  living  within  its  water  shed. 
Organic  impurities  are  not  necessarily  hurtful ; the  contami- 
nation most  to  be  feared  is  that  of  animal  origin  ; but  it  is 
not  to  be  supposed  that  a river  is  necessarily  contaminated 
with  the  excreta  of  the  whole  population  within  its  water  shed. 
The  substances  forming  animal  excreta  are  very  instable  in 
their  chemical  composition,  and  their  contact  or  mixture  with 
oxygen  tends  to  turn  them  into  harmless  compounds.  This 
takes  a certain  amount  of  time,  but  self-purification  of  a river 
is  an  understood  process,  and  a large  river  undergoes  such  a 
process  in  a very  few  miles  of  its  length.  Thus  the  suit- 
ability of  a river  for  potable  purposes  should  be  gauged  not  in 
relation  to' the  population  of  its  catchment  area  generally,  but 
with  regard  to  pollution  from  towns  on  its  banks  and  within 
a few  miles  of  the  site  from  wdiich  w'ater  is  proposed  to  be 
drawn.  Calcutta  derives  its  supply  from  the  Hooghli  a few 
miles  above  Calcutta,  and  the  Hooghli  is  a river  subject  to 
much  pollution.  Madras  derives  its  supply  from  the  river 
Cortelliar,  but  this  not  being  a perennial  stream  the  waters 
are,  during  the  flood  season,  diverted  from  it  into  a large  tank 
(Red  Hills  Tank)  where  it  is  stored  for  use  during  periods  of 
drought. 

Subterranean  flow  under  river  beds. — The  major- 
ity of  the  rivers  and  streams  in  India  like  the  Cortelliar 
are.  not  perennial,  but  in  many  cases  it  is  still  possible  to 
derive,  during  the  dry  season,  a considerable  supply  from  the 
sandy  beds  of  the  large  rivers.  Where  rivers  drain  large 
areas  and  have  a considerable  velocity  during  flood  periods, 
they,  in  many  cases,  have  sandy  beds  ; the  depth  of  sand  in 
many  river  beds,  before  the  hard  subsoil  is  reached,  is  often 
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considerable  ; often  also  at  a lesser  depth  bands  or  strata  of 
clay  will  bo  found,  and  below  these  and  above  the  hard  sub- 
stratum of  the  bed,  a large  amount  of  water  is  found  to  pass. 
This  water  may  be  water  passing  into  the  river  from  streams, 
<£c.,  in  the  higher  reaches  of  the  river  which  in  quantity  is 
insufficient  to  afford  a surface  stream,  but  it  is  moro  likely 
to  be  derived  from  the  subsoil  flow  to  the  river  along  its 
whole  course.  Such  subterranean  supplies'. are,  therefore,  very 
similar  to  supplies  drawn  from  wells  or  excavated  tanks  with 
springs,  but,  of  course,  the  river  bottom  being  the  lowest  point 
in  its  basin,  the  greatest  supply  of  water  is  thence  necessarily 
obtainable.  The  water  when  proposed  to  be  utilized  is 
either  intercepted  by  galleries  placed  in  the  bank  of  the 
river  or  by  wells  distributed  over  a portion  of  the  river  bod. 

Subsoil  water. — Water  may,  of  course,  be  also  pro- 
cured in  a similar  manner  from  other  sites  at  which 
quantities  are  found  to  be  available  such  as  on  slopes  below 
hills,  springs  in  valleys,  &c.  Subsoil  water  is  found  at 
various  depths  below  the  surface,  sometimes  from  2 to  3 feet, 
often  from  200  to  300  feet.  This  depends  on  the  quantity 
of  water  and  the  permeability  of  tho  soil.  Subsoil  water  is 
in  constant  movement  along  a water  course  or  towards  the 
nearest  water  course  or  sea.  The  rate  of  flow  is  very  small 
and  has  been  calculated 

at  Munich . . 15  feet  daily 

Mean  rate.  Maximum  rate. 

at  Buda  Pesth  ..  ..  174  ft.  to  216  ft.; 

tho  level  of  ground  water  constantly  changes  and  the 
variations  in  India  are  sometimes  large — at  Saugor  for 
instance  from  a few  inches  to  17  feet,  at  Jubbulporo  from 
2 feet  to  15  feet,  at  Calcutta  from  5 feet  to  15  feet.  The 
height  is  influenced  by  the  rainfall  and  the  variation  of  the 
level  of  the  water  in  the  water  course  outlet  or  the  level  of 
the  sea.  Whero  there  are  wells  or  excavations  close  to  tho 
sea,  the  water  will  rise  and  fall  almost  at  the  samo  rate  as  the 
tides,  as  at  Madras  for  instance.  To  obtain  the  average 
height  of  ground  water,  numerous  observations  must  be  made 
at  many  wells  scattered  over  a large  area.  Subterranean 
water  may  be  collected  by  means  of  galleries  or  wells,  and, 
as  already  stated,  the  best  position  for  these  is  either  in  tho 
bed  of  a stream  or  river  or  at  the  side  thereof. 

Flood  supplies. — When  the  summer  flow  of  a river  in 
its  bed  or  the  supply  from  under  the  bed  is  insufficient,  a 
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portion  of  tho  flood  discharges  of  the  larger  rivers,  or  the 
whole,  or  a portion  of  tbo  discharge  of  a smaller  stream  may 
he  stored  in  tanks  for  the  supply  of  a town.  The  total  flood 
discharge  from  any  river  or  stream  basin  may  be  determined 
in  a manner  similar  to  that  already  described  as  a method 
of  determining  tho  yield  from  gathering  grounds.  But  it  is 
also  necessary  to  determine  the  maximum  flood  discharges, 
so  that  spocial  works  may  bo  designed  to  secure  a sufficient 
portion  of  the  flood  discharges,  and  to  ensuro  tho  safety  of 
the  reservoir.  Such  works  whore  they  are  formod  across  tho 
bed  of  a river  to  divert  a portion  of  the  flood  discharge,  are 
known  as  ‘ anicuts,’  and  when  they  are  surplus  weirs  in  a 
tank  or  reservoir,  they  are  knowm  as  ‘ calingulahs.’  In 
many  cases  where  the  flood  discharges  aro  considerable,  no 
anicut  may  bo  necessary  and  the  water  may  be  passed  to  a 
tank  or  reservoir  simply  by  means  of  a channel  cut  directly 
from  the  river.  The  supply  to  such  a channel  may  be  regu- 
lated by  sluices  or  otherwise.  A calingulah  for  the  tank 
or  a surplus  weir  on  the  supply  channel  is  however  always 
necessary  for  porfect  security. 

Estimation  of  flood  discharges. — Upon  a correct 
estimate  of  the  amount  of  the  maximum  flood  discharge 
depends  the  safety  of  works  existing,  or  to  be  constructed,  but 
an  exact  determination  is  not  possible  (1)  because  heavy 
rainfall  is  partial  and  a record  at  one  station  applies  to  a very 
limited  area,  say,  5 square  miles  around  a station,  and  (2) 
because  as  the  size  of  the  basin  increases,  the  flow  from  the 
ground  near  the  point  of  discharge  will  have  cleared  before 
the  flow  from  remoter  portions  arrives.  A fairly  accurate 
estimate  is  however  practicable,  if  proper  use  bo  made  of  all 
available  data.  The  chief  points  to  be  ascertained  are  the 
maximum  flood  levels  and  the  maximum  amount  of  rainfall. 
The  formulae  in  use  are  the  following  : — 

3  

(1)  Ryves’  formula,  D = C \J  M- 

4 

(2)  Dickens’  formula,  D = C yj  Ai3 

where  M = area  of  catchment  basin  in  square  miles, 

D = resulting  discharge  in  cubic  feet  per  second, 

C = a co-efficient  depending  for  its  value  upon  the 
rainfall,  soil,  slope  of  ground,  &c. 

The  same  co-efficient  is  not  applicable  to  areas  of  varied 
size  even  in  the  same  part  of  the  country  under  the  influence 
of  the  samo  rainfall,  unless  the  slope  of  the  ground  and  soil 

3 4 

are  the  same.  Values  of  \J  M2  and  V M3  are  given  in 
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the  following  tables.  The  chief  difficulty  is  in  the  selection 
of  a co-efficient.  For  limited  areas  near  the  coast  whero  the 
country  is  flat  and  the  drainago  takes  a longer  time  to  run 
off,  co-efficients  of  400  to  500  are  applicable  to  Ry  ves’  formula, 
and  675  for  limited  areas  near  tho  hills.  For  Dickons’ 
formula  the  following  have  boen  deduced  : — 


Maximum  rainfall  in 
24  hours. 

Co-efficients. 

Inches. 

3-50 

425 

f 

l 

200  flat. 
250  mixed. 
300  hilly. 

540 

6-20 

\ 

250  flat. 
300  mixed. 
350  hilly. 

7- 60 

8- 41 

S 

300  flat. 
350  mixed. 
400  hilly. 

10-43 
13  45 

{ 

400  flat. 
450  mixed. 
500  hilly. 

The  following  tables  give,  for  each  of  tho  two  formula} 
with  different  co-efficients,  tho  depth  in  inches  and  discharge 
in  cubic  feet  per  second 
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The  method  of  applying  the  tables  is  as  follows : — 

Suppose  the  greatest  recorded  rainfall  within  or  near  a 
basin  is  11  inches.  The  nearest  rainfall  to  this  in  the  table 
is,  in  the  column  for  5 square  miles  (standard  area)  lO'BG 
opposite  a co-efficient  of  500  for  Ryves’  formula  and  be- 
tween 400  and  500  for  Dickens'  formula ; were  there  no 
other  data  available,  either  formula  with  the  co-efficient  indi- 
cated can  be  used  and  if  the  area  of  basin  were  100  square 
miles,  the  discharges  would  be — 

By  Ryves’  formula  — 10, 770  cubic  feet  per  seconds 
By  Dickens’  formula — 14,230  cubic  feet  per  second 

a very  considerable  difference. 

If,  however,  there  are  recorded  observations  of  a portion  of 
an  area,  which  shows  that  one  of  the  formulae  gives  results 
more  applicable  to  it  than  the  other,  then  that  formula 
should  be  adopted  to  the  whole  of  the  basin. 


The  maximum  rainfall  to  be  considered,  must  be  the 
maximum  of  24  hours  after  a somewhat  continuous  fall,  be- 
cause, as  before  explained,  the  percentage  of  rainfall  received 
by  any  storage  tank,  stream  or  river  increases  in  a certain 
proportion  with  each  fall  after  the  ground  of  the  catchment 
basin  has  become  more  soaked  or  less  dry. 

The  equations  for  converting  discharges  in  cubic  feet  a 
second  into  inches  draining  from  an  area  in  24  hours,  and 
vice  versa,  are — 


9 D 
242  A 
242  A.  d 
9 


D = discharge  in  cubic  feet  per  second, 
d = discharge  in  inches  of  depth, 

A = area  in  square  miles. 


Certain  formulae  have  been  prepared  which  attempt  to 
take  into  consideration  the  form  of  the  basin  ; the  chief  of 
these  is  by  Mr.  Craig,  Mem.  Inst.  C.E.,  who  divides  the  basin 
into  triangles,  each  of  which  has  an  angle  at  the  point  of 
discharge  and  one  side  on  the  perimeter  of  the  basin.  If 
2 B miles  represent  the  length  of  a side  on  the  perimeter 
and  L miles  the  distance  from  its  middle  point  to  the  point 
of  discharge,  the  area  of  the  unobstructed  flood  section  in 
square  feet,  at  the  point  of  discharge  A will  be — 

or  2 

D = 440  x P X S B x log  — g— 

'where  D = discharge  in  cubic  feet  per  second, 
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P = a co-efficieut  depending  on  the  rainfall  and  equal 
to  O' 18  for  India, 

B and  L = as  already  stated. 

Mr.  Stent,  Public  Works  Department,  in  a paper  lately 
issued  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers  modifies  this  formula  which  he  arranges  thus, 

( R being  the  mean  annual  rainfall) — 

1'5  E x SB  log  — jj—  for  large  areas. 

8 L2 

2 R x S B log  — for  moderate  areas. 

2'5  E x 2 B log  — for  small  areas. 

River  discharges. — Discharges  may  be  determined 
by  these  methods — 

(1)  The  maximum  discharge  by  the  methods  already 

given. 

(2)  The  ordinary  or  minimum  discharges  by — 

i.  Measurement  of  the  velocity  and  the  sectional 

area  at  the  same  place. 

ii.  Levels  showing  cross  sections  and  area  of  the 

river  during  the  above-noted  discharges  and 
the  longitudinal  sections  of  the  river. 

The  maximum  flood  discharge  may  be  checked  by  obser- 
vations of  the  highest  flood  marks,  and  either  of  the  methods 
(No.  2)  then  applied.  When  there  is  always  water  in  the 
river,  wires  may  be  stretched  across  it  along  which  soundings 
may  be  taken  with  a rod  or  plummet.  If  the  river  is  very 
broad  and  a wire  cannot  be  stretched,  the  line  of  cross  sec- 
tions may  be  marked  with  poles  on  each  bank  and  the  posi- 
tion of  a boat  on  the  cross  sections  determined  by  angular 
measurements  both  from  the  boat  and  from  some  point  at 
right  angles  to  the  end  of  the  section  higher  up,  or  lower 
down  the  river.  When  the  river  is  dry,  cross  and  longitudinal 
sections  can  be  taken  in  the  usual  manner ; when  a sufficient 
number  of  cross  sections  have  been  taken  and  these  and  the 
longitudinal  sections  plotted,  the  ordinary  and  minimum 
depth  of  water  in  the  bed  may  be  marked  on,  and  the  cross 
sectional  area  and  wetted  perimeter  calculated  and  the  flow 
determined  on  principles  to  be  hereafter  enunciated. 

Measurement  of  velocity. — The  velocity  of  a river 
may  be  determined  by  means  of  hollow  velocity  rods,  reaching 
to  nearly  the  bottom  and  immersed  at  various  distances  from 
the  banks,  which  are  allowed  to  float  from  one  cross  section 
to  another,  the  time  of  passing  each  cross  section  being  noted. 
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The  cross  sections  should  be  divided  into  segments  as  nearly 
equal  as  possible,  and  the  rod  should  pass  from  the  centre  of 
one  segment  on  one  cross  section  to  the  centre  of  the  similar 
segment  on  the  next  cross  section.  If  d — mean  depth  of  the 
section  along  which  the  rod  passes,  b — the  breadth  of  the 
segment  and  v—  the  velocity  per  second,  then  d X b X v — 
quantity  per  second  passed  down  in  that  segment  and 
the  total  of  all  the  segments  represents  the  total  discharge. 
There  are  other  methods  of  determining  the  velocity,  such  as 
by  what  are  known  as  current  meters,  these  being  furnished 
with  a screw  like  that  of  a steamer  which  revolves  at  various 
speeds  with  the  varying  velocity  of  the  wrater,  and  the  velo- 
city is  recorded  by  a counter.  This  instrument  must  be  used 
in  each  segment  at  several  depths  between  the  surface  and 
bottom  at  each  point  of  observation  in  order  that  the  mean 
velocity  may  be  obtained. 

Before  considering  the  formulae  applicable  to  the  determin- 
ation of  river  and  other  discharges,  it  is  necessary  to  explain 
what  is  meant  by  the  term  “ Hydraulic  mean  depth.  ” 

The  hydraulic  mean  depth  of  any  stream,  river,  pipe  or 
conduit  is  found  by  dividing  the  cross  sectional  area  in  feet 
or  inches,  &c.,  by  the  length  of  the  wetted  perimeter  in 
similar  terms — 


c 


Thus  if  the  area  ABCDE=  600  square  feet  and  the  length 

ABODE  ==  200  lineal  feet,  then  the  hydraulic  mean  depth  is 
600  r 


200 


= 3 


feet ; again  take  a pipe  running  full,  the  area 


I)2  x 7854  and  the  perimeter  D x 3T4159  and  the  hydraulic 

J ■ D 2 x 1 _ D , 

mean  depth  = g ^ ^ where  D = diameter  of  the 


pipe,  conduit,  &c. ; pipes  flowing  full  and  half  full  have  the 
same  hydraulic  mean  depth,  but  this  does  not  apply  to  any 
other  depth  flowing  through  circular  conduits  or  pipes. 


Measurement  of  discharges  by  sections.— It  has 

already  been  explained  how  river  or  channel  discharges  can 


MEASUREMENT  OF  DISCHARGES  BY  SECTIONS.  271 


bo  calculated  when  the  velocity  is  known,  but  the  deter- 
mination of  the  velocity  and  discharge  calculated  from  the 
longitudinal  sections  and  the  hydraulic  mean  depth  depends 
on  the  correct  application  of  a proper  co-efficient.  The 
ordinary  formula  for  the  velocity  of  water  flowing  in  a pip© 
or  channel  is — 


v = c y/  rs 

where  v = velocity  in  feet  per  second, 

r = the  hydraulic  mean  depth  in  feet, 

8 = slope  or  the  rise  divided  by  the  length, 
o = co-efficient. 

The  co-efficient  c varies,  as  regards  pipes,  with  reference  to 
the  velocity  and  size  of  the  pipes  and  also  with  referenoe 
to  the  roughness  of  the  skin,  and  in  regard  to  channels,  the 
roughness  of  the  bed  and  banks,  the  form  of  water  section 
and  the  bed  slope. 


From  the  following  formulae  the  value  of  c may  be  deter- 
mined in  relation  to  river  courses,  channels,  &c. : — 

(1)  Even  surface,  fine 

plaster,  planks,  &c.  . . c = * 


(2)  Cut  stone,  brickwork, 

&c.  • • c 


(3)  a slightly  uneven 

surface,  such  as  rubble 
masonry  . . . . c 


(4)  an  uneven  surface, 

such  as  earth  . . o 


yyZ-0000457  | r ± ~098j 

1 

Jsj  -0000579  ( r + 0-23^ 


^/•Q0007315  ( r 4-  0-82^ 


-00008534  ^ r + 41^ 


Bazin's  formula  as  above  has  been  in  use  in  Madras  since 
1879,  because  it  is  said  to  have  been  demonstrated  that 
former  tables  based  on  co-efficients  adopted  by  Dubuat, 
Neville,  Downing  and  other  writers  are  incorrect. 

For  pipes,  however,  Neville’s  formulae  have  always  been 
in  use  in  the  compiler’s  department  and  it  is  (excepting 
Weisbach’s)  the  only  formula  w'hich  takes  into  account  the 
fact  that  the  co-efficient  of  friction  decreases  as  the  velocity 
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increases.  Neville’s  general  formula  for  rivers,  streams  and 
pipes  is — 

v = 140  (rs)  * — 11  (rs)  ^ 

This  formula  is  suitable  not  only  for  velocities  of  2 to  2|  feet 
per  second,  but  practically  correct  for  higher  and  lower 
velocities. 

The  following  table  is  calculated  from  the  above  formula 
and  if  r s or  v is  known,  the  other  can  be  found  by  inspection  : — 

Table  for  finding  the  velocity  in  feet  per  second  from  the  product  of  the 
hydraulic  mean  depths  and  hydraulic  inclinations,  and  the  reverse 

1 JL 

calculated  from  the  formula  v — 140  (rs)  2 — 11  (rs)  J , in  which 
r,  s,  and  v are  feet  measures  : — 


Values  of 
rs. 

Velo- 
city V. 

Values  of 
rs. 

6 s’ 
'a; 

o 

Values  of 
rs. 

Velo- 
city V. 

Values  of 
r s , 

Velo- 
city V. 

•00000296 

•083 

•0001802 

1-04 

•000689 

270 

•003559 

6-67 

•00000332 

•091 

•0001322 

1-05 

‘000710 

275 

•003599 

671 

•00000395 

•104 

•0001420 

1-09 

•000744 

2-83 

•003630 

6-74 

'00000427 

•ill 

■0001482 

1-12 

'000758 

2"85 

•003788 

6 '90 

•00000543 

•133 

•0001532 

ru 

•000789 

2 ‘91 

*003929 

7-01 

•00000592 

•142 

•0001578 

T16 

■000805 

2‘94 

•003916 

7‘05 

•00000690 

•158 

•0001610 

1-17 

•000833 

3'00 

•003977 

7-08 

•00000734 

•167 

•0001657 

1-19 

•000852 

3-04 

•004104 

7’20 

•00000917 

•198 

•0001736 

1-21 

•000900 

373 

•001167 

Til 

'00000989 

•206 

•0001776 

1*24 

•000947 

3-2-2 

•001356 

7-44 

"00001184 

•231 

•0001815 

1-26 

•001042 

370 

•004546 

7'62 

•00001263 

•241 

•0001891 

1-30 

•001105 

3-51 

•004630 

7-69 

•00001420 

•261 

•0002052 

1-35 

•001136 

3-57 

•004735 

778 

•00001578 

•280 

•0002131 

1-38 

•001231 

378 

*005550 

8-49 

•00001677 

•292 

•0002265 

1-43 

•001216 

376 

•006944 

9’61 

•00001894 

•316 

•0002367 

1-47 

•001263 

378 

•007576 

10-0 

•00001973 

•325 

•0002552 

1"50 

•001302 

3-85 

•008333 

10‘5 

•00002170 

•345 

•0002604 

1-55 

•001326 

3'89 

•009259 

117 

•00002367 

•365 

•0002652 

1*57 

•001420 

4-04 

‘010417 

11-8 

•00002565 

•385 

•0002778 

1-61 

•001515 

478 

•011905 

12-7 

•00002841 

•ill 

•0002841 

1"63 

•001576 

4'2.8 

•013889 

13’8 

•00003255 

•448 

•0003030 

1‘69 

•001610 

4'32 

•015151 

14'5 

•00003354 

•457 

•0003157 

173 

•001667 

471 

•016667 

15-3 

•00003551 

•473 

•0003220 

175 

•001705 

4'46 

•017297 

15'6 

•00003748 

•489 

•0003314 

179 

•001735 

451 

•020833 

177 

•00003946 

•505 

•0003378 

1-80 

•001799 

4"60 

•027778 

20 ’2 

•00004143 

•521 

' -0003409 

1’81 

‘001894 

473 

•029167 

20 -6 

•00004340 

•536 

•0003551 

1-85 

•001989 

4\S7 

•041666 

247 

•00004632 

•558 

•0003630 

1‘89 

’002052 

4"94 

•055556 

28'8 

•00005130 

•594 

•0003706 

1’90 

•002083 

4-98 

•062500 

30-6 

•00005327 

■608 

•0003788 

1"92 

•002093 

5-00 

••072916 

.33 '2 

•00005524 

•622 

•0003946 

1'98 

•002178 

570 

•083333 

35’6 

•00005919 

•648 

•0004022 

no 

•002210 

574 

704167 

40*0 

•00006314 

■674 

•0001103 

2-02 

•002273 

5 ,22 

725 

43*9 

•00006708 

•699 

•0004261 

2"  06 

•002375 

5’35 

7 45583 

47  '6 

•0000688 

•711 

•0004419 

270 

‘002462 

576 

766667 

51  *1 

•00007102 

•724 

•0004485 

272 

•002533 

5 ‘53 

‘208333 

57  #3 

•00007694 

•760 

•0004546 

274 

•002652 

5 '68 

•229167 

60*2 

"OOOOS049 

•781 

•0004708 

278 

•002683 

572 

‘250000 

63*0 

'00008523 

*808 

•0004735 

278 

•002841 

5-90 

'270833 

65*7 

•00008681 

•828 

•0004893 

2-23 

•002968 

6’05 

.312500 

70*7 

•00009270 

•849 

•0005051 

277 

•002999 

6'08 

'333333 

73*9. 

•00009470 

•861 

•0005208 

2-31 

•003030 

671 

'354167 

75*5 

•00010259 

•903 

•0005303 

2\33 

•003143 

6'23 

•3*75000 

77*7 

'00010654 

•923 

•000563S 

271 

•003157 

6'25 

*395833 

80*0 

•00011048 

•945 

•0006061 

2-52 

•003214 

6’31 

*416067 

89*1 

•00011364 

•960 

•0006155 

2'54 

•003220 

632 

•437500 

81*9 

•00011837 

•983 

•0006313 

2-57 

•003314 

672 

*458333 

’00012232 

1-00 

•0006410 

2-60 

•003409 

6'61 

*479166 

•00012627 

1-02 

•0006629 

2-64 

•003475 

6"58 

•500000 

90-2 
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thus,  if  r s = ‘03125,  then  we  shall  have — 

v = 20‘0  when  rs  ,=  *029167 

v=  24’7  when  r a = ‘041666 


Difference  4*1  corresponds  to  -01*2499 

03125 

•02917 


Difference  00208 

Whence  ‘0125  : 4‘1  ; ‘ -00208  : ‘7  nearly,  and  20‘6  -f‘7  — 
21 -3  which  is  the  velocity  sought. 

Anicuts  or  weirs. — When  supplies  have  to  be  taken 
from  rivers,  anicuts  are  generally  necessary  to  raise  the  level 
of  the  water,  so  as  to  discharge  a portion  of  it  down  a channel 
of  reasonable  depth,  and  to  allow  of  its  flowing  by  gravitation 
through  the  country  on  the  banks  of  the  liver  either  for 
irrigation  or  for  storage  purposes.  In  this  work  the  latter 
purpose  only,  need  be  referred  to;  when  drawing  up  projects 
for  water-supply  from  rivers,  the  minimum,  ordinary,  and 
flood  discharges  must  bo  considered  so  that  the  dimensions 
of  the  anient  sluices,  height  of  flood  banks,  &c.,  may  be  fixed. 
To  determine  the  height  to  which  an  anicut  aud  also  the 
banks  above  and  below  it  must  be  raised,  are  questions  that 
require  considerable  attention,  but  it  is  not  practical  to  enter 
into  such  questions  in  detail  in  this  work,  and  the  formulae 
by  which  results  may  be  arrived  at  alone  are  given.  Anicuts 
or  weirs  may  be  classed  as  (1)  free  or  overfall  weirs,  (2)  sub- 
merged or  drowned  -weirs.  To  these  two  classes  the  following 
formulae  are  respectively  applied  : — 


Free  overfall  weir 


Drowned  weir 
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Discharges  over  free  overfall  weirs.— To  the  free 
overfall  weir  two  formulae  apply ; (1)  when  the  discharge 

is  from  a largo  still  water  basin,  (2)  when  the  water  ap- 
proaches it  with  a sensible  velocity.  The  formulae  are  as 

follow : — 

Let  Q = discharge  per  second, 
c = a co -efficient, 
l — length  of  anicut  or  weir, 

A = the  height, 

then  Q = % clh  y/  2 gh  (T) 

If  the  water  approaches  with  a velocity,  then  an  addition 
to  the  height  h say  ha  must  be  made  and  this  may  be  calcu- 
lated thus — 


where  V = the  velocity  of  approach  in  feet  per  second. 

The  formula  then  becomes — 

« = |.ivr2>  + | « 

The  two  preceding  formulae,  if  used  with  a co-efficient  of 
0-577,  can  be  stated  thus — 

<3=3-1?  y/~¥ 

Q = 31  l i (A  + Aa)^ — ha2  | if  the  stream  is  in 
motion. 

Discharges  over  drowned  weirs. — For  submerged 
anicuts  or  drowned  weirs,  the  formula  for  the  discharge  may 
be  first  taken  in  two  parts — 

Let  d — the  height  of  the  back  water  above  top  of  weir, 
A = the  remaining  height  to  surface  of  water  above 
weir, 

then  the  discharges  from  the  two  portions  are — 

Q = ! Oi  l V 2 9 [ {h  4-  K)  * — V j 

Qj  = Cl  l d y/  2 g (A  + ha) 

The  value  of  the  co-efficient  c\  is  usually  taken  as 
0-577  and  c2  = 8.  If  these  co-efficients  are  adopted,  the 
formula  for  the  total  discharge  may  be  written  thus — 

Q — l 3-1  | (A  + Aa)2 — ha2  j -j-  6-4  d (A  + Aa)^J 
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trom  this  equation  can  be  obtained  the  height  h due  to 
a maximum  flood  discharge  ; the  value  of  h so  deduoed  is 
added  to  the  maximum  depth  at  which  the  river  flows  and 
thus  the  height  of  wing  walls,  head  sluices  and  flood  banks 
can  be  fixed. 

The  following  examples  are  from  Major  Love’s  Hydrau- 
lics : — 


(1)  The  maximum  flood  discharge  of  a river  is  estimated 
at  5,000,000  cubic  yards  per  hour,  the  mean  velocity  being 
500  feet  per  minute.  An  anicut  is  to  be  built  across  the 
river,  450  feet  long,  with  its  crest  feet  above  bed.  What 
must  be  the  height  of  the  wing  walls  and  head  sluice,  so  that 
a maximum  flood  may  not  rise  within  three  feet  of  their  tops  ? 


Q • 

Here  Q 

A 


l ^ 3*1 


+ K)*~K 

5000000  x 27 


+ 64  d 


(*+*.)*] 


=- 37500  c. ft.  persec. \v 


500 

60" 


60  x 60 

Q = 4500  s.  ft.  Mean  depth  ==  ~ r=  10  ft. 


d = 

h 

a 


10 — 4 '5  = 5'5  feet.  Taking  the  velocity  of 
approach  equal  to  the  mean  velocity, 

(8-33)2 


64 


= 1-08;  .*.(  ha  )f  = 1 


12 


Let  y/h  + 108  =*;  37500  = 450  [31  (xs— l-12)  + 6-4  X 5-5*] 
z*  -f  1 l*3-r  :=  28.  Try  x = 2;  8 + 22-6  =30-6 

Try  x=  19  ; 6-86  + 21-47  = 28‘3 
x = 1-9  ; .-.  h -f  1-08  = (1-9)*  = 3-61  ; .-.  h = 2‘53 
.-.  Top  of  wing  walls  must  be  3 -f-  2*53  or  5-53  feet  above  anicut 
crest. 


(2)  An  anicut  1,500  feet  long  is  to  be  built  across  a river. 
The  full  supply  depth  in  the  channel,  above  the  floor  of  the 
head  sluice,  is  7*0  feet,  and  the  area  of  the  sluice  openings  is 
such  that  a head  of  6 inches  is  requisite  to  furnish  the  given 
supply.  The  normal  water  section  of  the  river  is  7,500 
square  feet,  and  the  estimated  normal  discharge  80,000  cubic 
feet  per  second.  What  should  be  the  height  of  tho  crest  of 
the  anicut  above  level  of  sluice  floor,  the  latter  being  placed  at 
the  bed  of  the  river  ? 

Mean  depth  of  river  = ~ = = 5 feet. 

F l 1500 

The  water  surface  has  to  be  raised  through  (7'0— 5 0)  -(-  0 5,  or  2 5 ft. 
e = d 8-1  j (h  + ha)Lh J | + 6-4  i (a  + A,)*] 
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Here  Q = 30000;  l = 1500;  h = 2 5 feet.  Taking 
the  velocity  of  approach  equal  to  the  mean  velocity,  %.e., 

Q 14s)2 

equal  to  ~~  = 4,  we  have  ha  — ='25 

A 3 64  i 1 

30000  = 1500  3-1  | (2-75)"— (-25)2  j + 6-4 d (2-75)aJ 

.-.  20  =3-1  (4-56—  13)  -f  Q-U  x 1'66  ; d='6 

Hence  height  of  crest  above  sluice  floor  is  5-0 — 0’6  —4'4  ft. 


If  d had  come  out  negative,  it  would  indicate  that  the 
anicut  crest  must  be  above  tail  water.  Equation  (2)  for  a 
clear  overfall  should  in  this  case  be  solved  for  h.  Then 
7-5 — h will  give  height  of  anicut  above  sluice  floor. 

The  following  tables  will  be  found  useful : — 


Free  Overfall  Weirs. 


Table  of  Discharge  from  each  Foot  of  width  of  sill  in  cubic  feet 

per  Minute. 


Depth 

of 

sill. 

Decimals  of  an  inch. 

■o 

•1 

•2 

•3 

•4 

•5 

■6 

•7 

•8 

•9 

INCH. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

•162 

"46 

•846 

1-30 

1-823 

2-34 

3-02 

3-68 

4-4 

1 

5'15 

5-92 

6'75 

7-62 

8-55 

9-42 

10-4 

11'38 

12-41 

13-49 

2 

14'57 

15-65 

16-79 

17-97 

19-16 

20 -.3  4 

21-58 

22-87 

24-1 

25-44 

3 

20-78 

28-12 

29-56 

30-9 

32-14 

33"7S 

35-28 

36-77 

38-16 

39-55 

4 

41-2 

42-74 

44-29 

45'78 

47-48 

49-13 

50-73 

52-53 

54-07 

55-62 

6 

57-58 

59-17 

60-92 

62-83 

64-53 

66-33 

68-29 

70-04 

7F89 

73-9 

6 

75-70 

77-56 

79-46 

81-42 

83-38 

85-23 

87-24 

89-35 

91-26 

93-26 

7 

95-38 

97-44 

99-54 

10F6 

103-6 

105-8 

107-9 

109‘9 

112-1 

114-3 

8 

116-5 

118-6 

120-9 

123-1 

125-4 

127-6 

129-8 

133-0 

134-4 

136-7 

9 

139 

141-3 

143-9 

146 

148-4 

150-7 

153-2 

155-5 

157-9 

160-4 

10 

162-8 

165-3 

167'7 

170-2 

172-7 

175-2 

177-7 

180-2 

182-8 

185-3 

11 

187’9 

190-4 

193 

195-6 

198-2 

200-8 

203-4 

206-1 

208-7 

211-4 

12 

214-1 

216-7 

219-4 

222-1 

224-8 

227-5 

230-3 

233 

235-8 

238-6 

Depth 

Decimals  of  a foot. 

of 

sill. 

•o 

•1 

•2 

•3 

•4 

■5 

*6 

•7 

*8 

•9 

• 

FOOT. 

C.  FT. 

C.  FT. 

i C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

C.  FT. 

... 

6-7 

19 

34 

53 

75 

99 

125 

153 

183 

1 

214 

246 

280 

317 

357 

391 

432 

472 

515 

560 

2 

605 

650 

697 

746 

796 

845 

896 

950 

1,001 

1,057 

3 

1,112 

1,168 

1,228 

1,284 

1,335 

1,401 

1,465 

1,527 

1.585 

1,643 

4 

1,712 

1,776 

1,840 

1,902 

1,973 

2,041 

2,107 

2,182 

2,247 

2,311 

5 

2,392 

2,458 

2,531 

2,610 

2,681 

2,756 

2,838 

2,910 

2,987 

3,070 

6 

3,145 

3,222 

3,302 

3,883 

3,464 

3,541 

3,625 

3,712 

3.792 

3,875 

7 

3,963 

4,049 

4,1.32 

4,220 

4,305 

4,395 

4,483 

4,569 

4,658 

4.751 

8 

4,843 

4,930 

5,022 

5,116 

5,210 

5,303 

5,397 

5,489 

5,583 

5 682 

9 

5,778 

5,872 

5,970 

6,067 

6,165 

6,264 

6,364 

6,463 

6,563 

6,664 
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Referring  to  the  formula  for  the  discharge  over  weirs  or 
calingulahs.  applying  a co-efficient  of  0 67,  tho  formula, 
becomes — 

Q = 3-56  1 h" 

if  the  maximum  discharge  is  known  and  the  height  h of  the 
flow  over  the  calingulah  is  fixed,  then 

l = 4 (nearly). 

1 h V h 

The  level  of  a calingulah  of  a tank  is  known  as  full  tank 
level  and  if  to  this  bo  added,  the  maximum  depth  intended 
to  flow  over  the  calingulah,  the  upper  level  is  known  as  the 
maximum  tank  level ; the  banks  of  a tank  above  this  latter 
level  should  be  from  3 to  6 feet. 

Sluice  discharges. — The  discharge  from  sluices,  square 
or  circular,  or  of  a form  of  which  is  symmetrical  above  and 
below  an  horizontal  axis,  may  be  found  from  the  formula — 

Q = o A 2 g h 

where  h = difference  of  the  height  of  the  water  on  either  side 
of  the  sluice  : the  value  of  the  co-efficient  c may  be  taken  as 
062  for  ordinary  tank  sluices. 

• 

Infiltration  wells  and  galleries. — The  method  of 
obtaining  water  by  means  of  wells  or  galleries  sunk  in  porous 
soils  is  a common  one  in  India,  and  is  a method  frequently 
used  in  the  Punjaub,  where  many  towns  procure  their  water- 
supply  by  this  system.  Shallow  wells,  as  has  been  pointed 
out,  are  not,  as  a rule,  a preferable  source  of  water-supply, 
but  the  water  obtained  by  sinking  a well  into  a stratum  of 
sand  or  gravel,  which  has  not  been  distributed  and  which 
is  in  or  adjacent  to  a river  bed  or  in  a valley  having  a large 
area  of  a porous  character,  is,  as  a ruleP  bright  and  clear  and 
nearly  free  from  organic  matters.  The  slow  passage  of  such 
water  through  such  soils  has  subjected  it  to  sedimentation 
and  filtration  combined  with  oxidation  ; in  fact  the  water 
has  undergone  what  is  known  as  the  process  of  natural 
filtration. 

The  most  simple  method  of  obtaining  water  in  this  way, 
and  it  is  one  practised  in  many  parts  of  Southern  India,  is 
to  dig  a basin  or  tank  into  which  the  water  flows  and  then 
to  lead  off  from  this  a channel  which  conducts  the  water  to 
the  place  where  it  is  required  ; the  town  of  Conjeoveram  is 
at  present  supplied  in  this  way  ; one  objection  to  the  method 

N N 
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is  that  there  must  be  a rapid  fall  away  from,  or  along,  the 
liver  to  allow  the  channel  to  be  taken  off  at  such  a level  as 
will  not  necessitate  very  extensive  cutting ; if  the  channel  is 
not  placed  sufficiently  iow,  it  will  receive  water  for  only  a 
portion  of  the  year.  This  objection  to  the  system  disappears 
if  the  water  can  be  conveniently  stored. 

Filtration  wells.— in  more  modern  works,  however, 
and  in  some  ancient  ones,  the  plan  adopted  is  to  sink  either 
a well,  or  wells  or  a gallery  and  pump  therefrom.  The  wells 
may  be  ordinary  brick  wells,  open  or  closed,  and  may  draw  the 
supply  entirely  from  the  bottom,  or  from  the  bottom  and  the 
sides  as  high  as  the  water  level  extends.  A gallery  may  be  in 
the  form  of  a conduit,  a barrel  drain  or  a perforated  pipe,  or  of 
pipes  laid  with  loose  joints  ; such  pipes  are  usually  laid  in 
gravel  of  a sizo  larger  than  will  pass  through  the  perforations 
or  joints  into  the  pipes.  Where  these  wells,  galleries  or 
conduits  are  adjacent  to  a river,  they  may  draw  not  only  from 
the  river  itself,  but  from  ground  water  approaching  the  river. 
Many  conduits  are  built  water-tight  on  that  side  next  the 
river  bank,  so  that  all  water  whether  drawn  from  the  river  or 
not,  shall  enter  that  side  of  the  conduit  furthest  away  from 
the  river,  and  thus  better  filtration  for  the  river  water  is 
secured.  It  is  often  observed  that  springs  issue  from  alluvial 
-areas  adjacent  to  the  sea,  the  waters  from  which  are  perfectly 
fresh.  This  is  the  case  at  Madras,  Tuticorin,  &c. ; after  being 
drawn  on  for  some  time  such  springs  of  water  may  lose  their 
fresh  character.  In  such  wells  the  water  rises  and  falls  with 
the  tide  as  the  water  must  enter  the  sea  under  the  pressure 
of  a varying  height  of  salt  water,  but  the  salt  water  will  not 
penetrate  the  soil  and  reach  the  well  itself  because  the  pressure 
of  the  subsoil  water  from  land,  its  surface  gradually  rising  as 
it  recedes  from  the  sea,  is  greater  than  that  due  to  the  sea ; if, 
however,  pumping  takes  place  and  the  amount  exceeds  the 
quantity  the  ground  can  furnish,  salt  water  enters  the  well. 
At  Tuticorin  this  very  frequently  takes  place  and  a well 
seldom  furnishes  fresh  water  for  more  than  a few  months.  In 
Holland,  Amsterdam  and  the  Hague  obtain  their  water  from 
collecting  pipes  laid  in  the  sand  dunes  which  form  a barren 
strip  of  country  one  mile  to  two  and  a half  miles  wide.  In 
India  the  beds  of  the  larger  rivers  form  an  excellent  strata 
from  which  supplies  of  fresh  water  may  be  derived  by  means 
of  galleries  or  wells.  In  Southern  India  the  towns  of  Trichi- 
nopoly,  Tanjoro,  and  Madura  are  so  supplied,  while  the  town 
of  Cuddapah  already  referred  to  derives  its  supply  from  a 
gallery  fed  by  springs  adjacent  to  a small  stream  (vide  plate 
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facing  page  250),  but  not  depending  upon  a supply  from  the 
latter.  The  methods  employed  at  each  of  these  several 
places  aro  illustrated. 

Ground  water-supplies. — A knowledge  of  the  laws 
governing  the  supply  of  ground  water  to  wolls,  galleries,  &c., 
is  at  present  very  limited,  but  the  yield  in  all  cases  depends 
primarily  upon  the  nature  of  the  surrounding  soil.  If  the 
material  is  fino  close  sand  with  an  admixture  of  clay,  the  How 
is  much  slower  than  it  would  be  through  sand  of  clean  coarse 
grain  and  as  the  surface  slopo  of  the  water  approaching  the 
well  must  vary  with  the  velocity,  this  slope  is  an  important 
factor  in  considering  the  yield. 

Suppose  a well  is  sunk  in  a homogeneous  soil  and  that  the 
lino  a b represents  the  original  level  of  sub-soil  water ; when 


pumping  takes  place,  the  water  falls  at  first  rapidly,  after- 
wards more  slowly,  until,  if  the  discharge  of  the  pump  bo 
uniform,  a level  is  reached  where  the  water  is  supplied  exactly 
at  the  same  rate  as  that  at  which  it  is  being  withdrawn.  Let 
the  line  marked  c bo  at  this  level.  The  water  flows  into  the 
well  by  virtue  of  the  head  a c,  but  its  flow  is  retarded  by  the 
friction  of  the  particles  of  the  soil  through  which  the  water  is 
flowing  and  the  surface  of  the  water  takes  a form  similar  to 
what  is  shown  in  the  diagram.  rI  he  line  c d approaches  the 
line  a b until  it  finally  meets  it  at  a point  beyond  which  the 
influence  of  the  pumping  is  not  measurable.  The  slope  and 
therefore  the  distance  of  the  point  of  intersection  \aries,  as 
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already  stated,  with  the  nature  of  the  strata  around  the  weds*. 
A line  drawn  through  all  the  points  of  intersection  around  a 
well  will  not  form  a circle,  because  all  subsoil  water  has  a 
natural  direction  of  flow  and  the  points  of  intersection  abo\  e 
the  well  opposite  to  the  direction  of  flow  would  be  at  a greater 
distance  than  similar  points  of  intersection  on  a line  passing 
through  the  well  down  stream.  Similarly  on  either  side  of  a 
well  the  points  of  intersection  would  be  at  a less  distance  than 
the  former  but  at  a greater  than  the  latter  ; . the  so-called 
drainage  cone  would,  therefore,  be  in  plan  of  this  form. 


Experiments  in  regard  to  the  flow  of  water  to  wells  have 
been  made  in  several  places ; for  instance  by  Piefker  at  Berlin, 
wbo  found  that,  when  a well  was  pumped  down  to  a distance 
of  2- 23  meters  below  the  normal  level  of  the  ground  water,  the 
lowering  at  50  meters  was  0-35  meter,  at  100  meters  0-17, 
and  at  260  meters  O' 10  meter.  The  natural  movement  of  this 
ground  water  is  very  slow.  In  connection  with  experiments 
made  at  Dresden  on  the  banks  of  the  Elbe,  a well,  kept  2'5 
meters  below  normal  water  level,  affected  the  water  around 
to  a distance  of  60  meters  (200  feet). 

If,  by  increasing  the  quantity  pumped,  the  well  is  lowered 
below  a point  where  the  demand  and  supply  are  equal,  a 
further  lowering  of  the  level  of  the  subsoil  water  will  take 
place  and  the  curve  assumed  will  be  somewhat  that  shown  as  ef : 
the  largest  quantity  which  can  be  obtained  from  a well  will  bo 
when  the  quantity  pumped  is  equal  to  the  inflow  and  when  a 
constant  level  of  water  just  above  the  pump  foot  valve  is 
maintained ; but  in  practice  this  maximum  cannot  be  depended 
on,  because  any  head  on  the  well  more  than  5 feet  to  6 feet  is 
likely  to  drive  the  sand  in  from  the  outside  and  fill  up  the 
woll.  It  should  be  remembered  that  the  head  is  the  difference 
between  the  level  of  the  water  inside  the  well  and  the  level 


* When  the  subsoil  water  is  in  motion,  this  slope  is  flattened  above  a 
well  and  increased  below  it. 
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(not  just  outside  but)  at  the  point  whore  the  curve  tangonts 
the  water  slope.  The  reduction  of  level  of  water  surface  out- 
side a well  is,  when  pumping  begins,  very  much  slowor  than 
that  insido,  and  only  when  nearing  the  point  of  exhaustion  of 
supply  will  the  outer  level  begin  to  approach  the  inner  water 
level  with  some  rapidity.  The  reduction  ol  water  level  on  the 
outside  and  close  to  a well  is  due  to  the  extension  of  the 
drainage  cone,  because  the  difference  between  this  and  the 
original  or  normal  level  is  the  head  lost  in  driving  the  water 
through  a certain  length  of  sand,  and  as  this  length  increases, 
the  loss  of  head  increases ; the  fall  of  level  inside  the  well  is 
due  to  the  off-take  through  the  pumps  being  in  excess  of  the 
supply  from  the  drainage  cone  or  the  less  permeability  of 
the  walls  of  tho  wells  than  the  rate  of  How  outside. 

Wolls  and  galleries  are,  of  course,  sunk  in  some  strata 
which  are  continually  receiving  accessions  from  rain  or  a 
neighbouring  stream,  but  the  amount  which  can  be  obtained 
is  never  inexhaustible,  and  depends  on  the  amount  received 
by  the  strata  and  wells  must  therefore  never  be  called  upon 
to  furnish  more  than  they  can  supply.  Constant  draught 
in  many  strata  will  permanently  lower  the  level  of  the  ground 
water,  and  a well  in  Brooklyn,  N.Y.,  shewed  the  following 
decreases  : — 


Year. 

Draught. 

Feet  above 
tide  level. 

1869  

14-55 

1870  

300,000  gallons  per  day 

14-15 

1871  

272,000  gallons  per  day 

1303 

1872  

437,000  gallons  per  day 

10-56 

1873  

288,000  gallons  per  day 

11-29 

1874  

333,000  gallons  per  day 

10-70 

1875 

294,000  gallons  per  day 

9-83 

1876  

235,000  gallons  per  day 

9-83 

1877  

252,000  gallons  per  day 

9-21 

It  will  be  seen  that  an  average  draught  of  301,000  gallons 
lowered  the  level  of  the  water  table  5 feet  in  eight  years  and 
also  that  the  yield  is  diminishing. 

On  page  280  the  diagram  shows  the  area  influenced  by  ono 
well ; the  effect  of  increasing  the  size  of  a well  or  placing 
two  wells,  or  a series  of  wells  close  togother  or  of  forming 
a gallery  is  to  increase  that  area,  the  increase  of  the  length 
and  breadth  of  the  area  being  equal  to  the  difference  between 
the  lengths  of  diameters  of  the  larger  well  and  the  original 
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well  or  by  the  combined  diameters  of  the  additional  wells  or 
additional  length  of  gallery,  thus — 


If  wells  are  placed  on  either  side  of  the  original  well, 
or  if  a gallery  of  the  length  a b be  formed  in  place  of  the 
original  well,  the  increase  of  area  would  be  that  shown  be- 
tween the  full  and  dotted  lines. 

In  many  schemes  for  water-supply  by  the  method  of  wells, 
it  has  been  a source  of  error  to  suppose  that  an  increase  in 
the  well  area,  gave  a proportionate  increased  supply.  This, 
as  will  be  seen,  is  not  the  case ; in  fact  the  increase  is  very 
limited  and  either  a very  long  gallery  must  be  used  to  obtain 
such  increase  or  additional  wells  must  be  sunk  outside  the 
drainage  cone  of  the  original  well ; to  place  a well  inside 
such  area  would  obtain  a somewhat  larger  supply,  but  only 
when  wells  are  so  far  apart  that  their  drainage  cones  do  not 
overlap,  will  the  greatest  possible  supply  from  each  well  be 
obtained : thus,  the  shaded  area  shews  the  increase  in  each 
case,  the  extra  area  available  for  supply,  in  case  of  a gallery 
being  constructed,  would  be  the  portion  shaded  vertically. 
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The  estimation  of  the  supply,  which  a well  will  yield  for 
years  without  reduction  in  quantity  or  the  level  of  the  water 
table,  is  a difficult  question,  and  this  can  he  done  only  by  many 
experiments  and  by  a determination  of  a sufficiently  largo 
number  of  co-efficients  applicable  to  the  different  strata  from 
which  water  may  be  drawn. 

In  determining  the  possible  supply  the  main  question  is 
the  gradient  assumed  by  the  water  table  when  pumping  takes 
place.  A reduction  of  the  head  in  the  well  does  not  alter 
this  gradient  except  within  50  to  100  feet  from  tho  well,  the 
tangent  point  of  the  curve  getting  further  and  further  away, 
hut  it  increases  the  area  of  the  so-called  drainage  cone ; the 
slopes  however  in  tho  fine,  coarse,  or  close,  and  porous  soils 
are  materially  different  and  the  longer  the  slope  the  greater 
the  yield,  thus  : — 


If  the  water  level  in  the  well  be  reduced  from  a to  b, 
then  if  the  soil  were  very  porous  the  water  table  slope  might 
assume  a position  such  as  c d , and  in  a soil  of  close  texture  tho 
line  would  be  somewhat  like  c e. 

In  designing  water  works  whore  the  above  system  of 
obtaining  the  supply  is  to  be  adopted,  the  first  mattor  to  be 
decided  is  the  head  by  which  water  in  a well  can  be  safely 
lowered,  that,  is  without  bringing  in  the  sand  (though  this 
can  be  somewhat  increased  by  filling  the  well  for  some 
height  with  gravel  and  stones),  secondly,  by  experiment  to  fix 
the  dimensions  of  the  drainago  cone,  and,  thirdly,  the  dis- 
charge which  can  be  got  from  a single  experimental  well ; 
this  well  should  be  as  near  the  size  likely  to  be  adopted  as 
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possible,  but  as  already  shown  the  yield  will  not  be  very  greatly 
increased  by  an  increase  in  size. 

Various  attempts  have  been  made  to  determine  co-efficients 
in  relation  to  tho  flow  through  coarse  and  fine  sand,  &c.,  but 
these  and  other  accompanying  formula*  are  of  no  real  value 
and  would  by  their  use  be  more  likely  to  lead  astray  than  to 
guide  to  any  correct  decision  as  to  the  number  and  size  of 
wells  or  galleries  required  in  any  particular  situation. 

The  following  particulars  of  works  actually  executed  may 
however  be  of  use  : — 


Wells  and  open  Trenches. 


Inner  and 

Head 

Mean 

Place. % 

outer 

Yield  in 

length 

diameter 

gallons 

of  slope 

Remarks. 

of  well 

W.L. 

per  hour. 

of  water 

in  feet. 

surface. 

I.  o. 

• 

Lahore 

11  —14 

3 

8,850 

130 

1 

'3 

Amritsar...  f 

20  —24 

5 

2,450 

37 

Ilf— 15 

9 

4,648 

37 

c6 

Umballa 

6 — 0 

8 

1,668 

26-8 

► 

(3 

® 

a 

about 

Trichinopoly 

4 — 6 

4,200 

300 

> 

X 

W 

Ahmedabad 

25  — 29* 

5 

20,000 

There 

are 

to  25,000 

four 

wells 

250 

feet 

Open  trench. 

apart. 

r,.  w. 

1 

Amritsar  ... 

200  X 5 

8* 

1 5,300 

. . . 

Experimental 

trenoh . 

Cuddapah  ... 

* Open  joint- 
ed pipes  in 

174,000 

• • • 

This 

is  the 

trenches. 

1 

J 

daily  demand. 

* See  page  250  for  plan. 
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Iii  many  of  these  cases,  perhaps  most,  galleries  intercept 
the  flow  of  underground  water  to  tho  river ; a rise  in  the 
river  level  naturally  increases  the  supply  because  that  rise 
raises  the  level  of  the  underground  water,  and  the  head  on 
the  supply  to  the  galleries.  That  the  water  does  not  always 
come  from  the  river  is  shown  by  chemical  examination.  The 
river,  in  some  cases,  is  a source  of  supply  in  dry  weather, 
in  wet  weather  the  supply  is  ground  water.  At  Perth  tho 
gallery  is  located  on  an  island  in  the  river  and  in  this  place 
it  is  necessarily  a case  of  filtration  of  river  water. 

THE  CONSTRUCTION  OP  TANKS. 

The  best  position  for  a tank  bund  is  in  a valley  with 
moderate  longitudinal  and  transverse  slopes  at  a point  where 
the  bund  will  be  of  moderate  length  with  suitable  abutments 
at  either  ends,  where  the  bund  will  be  moderate  in  height 
with  a moderate  depth  of  water,  whore  suitable  material  is 
to  be  obtained  for  the  construction  of  the  bund,  and  where 
there  are  facilities  such  as  as  hard  ground  or  rocky  spurs  at 
either,  or  one  end,  to  enable  surplus  water  to  be  conveniently 
discharged. 

The  design  for  a reservoir  will  include  (1)  the  bund,  (2) 
the  outlet  sluice  or  culvert  and  pipes  and  (3)  a surplus  weir. 
After  the  maximum  and  full  tank  levels  have  been  fixed,  the 
bund  and  other  works  may  be  designed.  The  bund,  in  India, 
consists  usually  of  earth  with  a centre  puddle  wall.  The  top 
width  of  a bund  ought  not  to  bo  less  than  8 feet  nor  less  than 
one-fourth  of  the  depth  of  water  against  it,  within  a maxi- 
mum of  1 8 feet.  The  width  may  be  reduced  at  the  ends 
whore  tho  dopth  of  water  is  less.  The  height  of  the  bund 
above  maximum  water  level  should  not  be  less  than  4 feet, 
nor  loss  than  one-eighth  of  the  depth  of  wuter  against  it. 

Earth  work. — The  earth  for  the  bund  should  be  taken 
from  the  land  inside  the  proposed  tank  ; the  earth  should  be 
punned  in  layers  not  more  than  6 inches  thick.  All  vegetable 
soil  ought  to  be  cleared  from  beneath  the  core  of  the  embank- 
ment and  the  subsoil,  rolled  and  compacted  with  a heavy 
roller. 

Revetments. — The  inside  face  of  the  bund  should  bo 
revotted  and  tho  slopes  for  large  regular  stones  may  be  1 to  1 
and  for  shingle  1^  to  1 ; the  upper  portion  of  the  slope 
should  approach  more  nearly  to  the  vertical  to  prevent  waves 
washing  over  the  top  of  the  bund  ; a top  course  of  large  stones 
projecting  4 inches  to  6 inches  aids  in  this.  Tho  stones  should 
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bo  bedded  on  gravel  backing  tamped  and  at  least  6 inches  in 
thickness.  The  outer  faeo  of  a bund  should  ^iave  a slopo  of 
2 to  J , and  should  bo  turfed. 

Puddle  walls. — There  ought  to  bo  puddle  walls  in  al 
easos  whcro  the  bund  is  more  than  15  feet  in  lioight,  and  also 
tor  smaller  depths  unless  tho  soil  and  subsoil  are  very  good. 
The  best  position  for  a puddlo  wall  is  in  tho  eentro  of  tho 
bund.  It  lias  been  advocated  that  tho  best  position  is  at  tho 
faco,  so  that  tho  puddlo  may  always  bo  kept  damp,  but  boro 
it  is  likely  to  crack  when  tho  bank  subsides  as  it  usually  does 
to  somo  extent  and  it  will  get  dry  as  tho  tank  level  is  reduced. 
Tho  top  width  of  a puddlo  wall  should  not  bo  loss  than  2 
feot ; tho  top  level  should  bo  ono  foot  above  maximum  water 
lovol.  Tho  wall  should  batter  1 in  8 or  1 in  G according  as 
tho  puddlo  is  good  or  only  modorately  so.  No  part  of  a 
puddlo  wall  should  have  loss  thickness  than  ono  foot,  for  each 
threo  foot  of  depth  of  water  against  it.  Tho  puddlo  wall 
should  bo  carried  to  at  least  1 foot  below  impervious  soil,  or 
4 feet  into  pervious  soil.  Where  rock  is  reached,  a tronch 
should  bo  cut  into  tho  rock  with  stepped  sides,  and  tho  clay 
well  punned  into  it.  Clay  puddlo  should  be  similar  to  that 
used  for  making  tiles  or  bricks.  All  springs  found  in  any 
puddlo  tronch  should  bo  brought  up  by  an  iron  or  stoneware 
pipo  and  carriod  to  ono  side  of  tho  bottom  of  tho  bund. 

Surplus  weir. — Tho  surplus  weir  of  a tank  must  bo 
capablo  of  discharging  tho  maximum  inflow  from  the  catch- 
ment area.  Tho  ditferenco  between  tho  maximum  and  full 
tank  lovols  haring  boon  fixed,  tho  length  of  tho  weir  can  bo 
ascertained  by  tho  formula  already  given.  Tho  surplus 
weir  itself  may  bo  formed  by  cutting  a channel  through 
high  ground  at  tho  end  of  a bund  or  by  levelling  a portion 
thereof  and  paving  it,  and,  in  order  to  reduce  tho  velocity, 
the  opening  may  bo  mado  much  wider  than  tho  rosult  of 
calculation  shows  to  bo  necessary.  Where  tho  water  has  to 
bo  dropped  down,  it  should  be  so  through  as  small  a lioight 
as  possible;  economy  in  tho  design  of  tho  weir  is  thon secured. 
A section  of  a tank  bund  and  surplus  weir  (from  Mullins’ 
Irrigation  Manual)  aro  shown  on  tho  accompanying  plates. 
Tho  latter  of  tho  two  plates  show's  a water  cushion.  This 
is  useful  in  absorbing  tho  shock  of  tho  falling  water  when 
the  height  is  somowhat  groat ; tho  depth  of  the  cushion  may 
bo  determined  from  tho  formula — 

L=cd\h$ 

where  c is  a co-efficient  varying  from  0- 75  to  1'25  according 
as  tho  apron  under  tho  woir  is  solid  or  otherwise,  d height  of 
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the  drop  and  h the  depth  of  water  flowing  over  the  weir. 
Whore  the  apron  is  level,  the  width  should  be  from  6 to  8 
times  y/  h and  the  thickness  | (cl  + //). 

Masonry  dams  instead  of  earthen  bunds,  are  sometimes 
preferable.  Special  designs  are  required  in  all  cases  where 
these  are  of  considerable  height.  The  general  cross  section 
of  a dam  is  that  of  a triangle  with  apex  cut  off,  so  as  to  give 
a breadth  of  7 to  9 feet  as  a minimum  width  for  the  top  of 
the  dam.  All  masonry  dams  should  be  founded  on  hard  rock 
if  possible.  The  design  of  any  dam  must  take  into  account  the 
weight  of  the  masonry,  and  the  weight  on  the  foundations, 
the  pressure  on  any  point  of  tho  masonry  itself,  the  resistance 
to  sliding,  and  overturning,  &c.  Dams  may  be  of  masonry 
preferably,  or  of  brick  work.  Concrete  is  an  excellent  material 
when  carefully  mixed  and  deposited.  It  is  advantageous  to 
lay  out  high  dams  in  the  form  of  a curve  in  order  to  trans- 
fer the  pressure  against  the  dam  to  the  sides  as  much  as 
possible.  A versed  sine  of  ^th  of  the  chord  is  a good  pro- 
portion, as  the  lateral  thrust  is  not  then  too  oblique  to  tho 
surface  of  the  ground  at  either  end  of  the  dam. 

Formulae  for  the  cross  section  of  dams. — An 

ordinary  formula  used  to  determine  the  form  of  high  dams  is 
that  of  Molesworth — 
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/=V- 


■05x 


X 


/ 09a;  \* 

( P ) 


^+(•03*)’  P 

where  7/=  height  of  dam  in  feet. 

#=any  depth  below  water  surface. 
y= offset  from  vertical  lino  to  outer  faco  at  depth  x. 
z=  Do.  do.  to  inner  face. 
i=width  of  dam  attop=0,4a 

a = width  of  dam  at  H from  top. 

P—  limit  of  pressure  allowed  in  masonry  in  tons  per 
square  foot  (say  6 to  8 tons). 
y must  in  no  case  be  less  than  0 6a;. 

This  givos  the  roquisito  stability  at  tho  front  face  whon 
the  reservoir  is  empty,  and  at  tho  rear  faco  when  full,  and 
an  excess  of  stability  at  the  front  faco  when  the  reservoir 
is  more  or  less  filled,  and  at  the  rear  faco  when  moro  or  less 
emptied. 

Colonol  Pennycuick,  R.E.,  lately  Chief  Engineer, 
Public  Works  Department,  Madras,  proposes  the  following 
formulse : — 

P in  tho  abovo  is  pressure  in  pounds  on  the  square  foot. 

In  tho  following  formula  ho  takes  into  account  d the 
depth  of  tho  dam  below  the  plane  of  calculation,  P again 
being  pounds  on  the  square  foot. 

XA  + ‘ d (*-<*).  > 


0G  H X 

when  d exceeds  — or  is  more  than  r,  — is  substituted  for  d and 
2 3 2 

the  equation  becomes — 

y=9'20^/  —for  pounds  on  the  square  foot* 

and  y—\J  — — - for  tons  on  the  square  foot. 

Jr  o 


For  low  dams  the  following  dimensions  may  be  adopted 

Width  at  top  =0-3  11. 
do.  middle =05  II. 
do.  bottom=0'7  II 

Reservoir  outlets. — The  position,  design  and  construc- 
tion of  the  outlet  from  a large  storage  reservoir  are  among  the 
most  serious  matters,  with  which  an  engineer  has  to  deal, 
as  the  safety  of  the  embankment  may  be  endangered  and 
the  risk  to  many  thousands  of  people  increased.  The  outlets 
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may  be  of  two  classes  (1)  pipes  or  tunnels  through  tho  em- 
bankment and  (2)  through  the  ground  at  the  end  of  the 
embankment ; the  latter  is  preferable. 

Outlet  culverts. — The  general  practice  at  one  time 
was  simply  to  lay  a pipe  from  the  deepest  part  of  tho  tank 
through  the  embankment,  but  this  is  a dangerous  practice, 
as  the  pipe  is  likely  to  be  broken,  or  disjointod  by  the  settle- 
ment of  the  bank,  and  no  line  of  pipes,  unless  in  very  low 
banks,  can  resist  the  pressure  due  to  the  settling  of  the  bank, 
nor  can  pipes  in  such  a position  be  repaired  without  empty- 
ing the  tank.  An  improved  plan,  and  one  still  often  adopted 
is  to  build  a culvert  or  tunnel  of  ashlar,  or  brick  work, 
through  which  pipes  are  laid.  This,  however,  though  an 
improved  plan,  and  one  often  necessarily  adopted,  is  not  the 
best,  as  there  is  always  a difficulty  in  building  the  culvert 
across  the  puddle  wall,  and  unequal  settlement  of  tho  bank 
and  the  movement  of  the  puddle  before  consolidation  are 
likely  to  crack  tho  culvert  and  cause  it  to  be  flooded.  The 
best  plan  is  to  construct  the  culvert  in  solid  ground  round  tho 
end  of  tho  embankment,  by  which  method  ail  danger  due  to 
unequal  sinkage  of  tho  bank  and  puddle  trench  is  avoided. 
When  the  slope  of  the  ground  at  the  end  of  an  embankment 
is  rapid,  this  culvert  may  have  to  be  built  as  a tunnel ; this  is 
one  objection  to  the  latter  plan  but  everything  considered  it 
is  moro  advantageous  than  the  former.  All  outlet  culverts 
should  be  provided  with  counterfort  walls  to  render,  as 
difficult  as  possible,  the  passage  of  water  along  the  outside 
of  their  arches  and  abutments ; the  cross  section  of  any 
culvert  crossing  a puddle  trench  should  be  strengthened  for 
that  length. 

Valve  towers. — It  was  the  practice  to  simply  stop  the 
eulvort  undor  tho  embankment  by  a wall  near  the  bottom 
of  the  inner  slope,  and  the  valves  at  tho  ends  of  tho  pipes 
were  worked  from  the  bund  by  gearing ; they  were  difficult 
to  ropair  if  they  got  out  of  order ; an  improved  plan  was  to 
place  a valve  pit  over  the  eulvort  in  rear  of  the  pucldlo 
trench,  where  tho  valves  wero  placed.  The  plan  now  most 
generally  adopted  is  the  provision  of  a tower  with  valves  inside 
and  outside  the  tower  so  that  ropairs  can  bo  easily  executed 
and  tho  tunnol  itself  can  at  all  times  be  entered  and  inspected. 

Pipes  through  culverts  .“Through  outlet  culverts  it 
is  advisable  to  lay  two  lines  of  pipes  as  the  replacement  of 
pipes  in  a tunnol  is  always  difficult,  unless  the  tunnel  is  very 
spacious  indeed, 
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The  Syphon  has  a gradual  rl»o  to  the  air 
Vestel  and  thon  o fall  awoy  from  It.  A valvo  with  boll, 
mouth  i « provided  for  charging  the  oy phon.  The  air  vessel 
rests  on  the  fop  ot  one  of  the  pipes  which  haa  a seat 
brocket  below  for  resting  on  a a'.ono  foundation  Tho 
flanco  cn  this  plpo  on  which  air  vessel  rests  is  u lllanK 
flange  and  tho  pipe  not  In  direct  commuhlcatlort  with 
the  air  vcusaleneopt  through  the  rifcht  angled  valve  ni  right 
hand  jlde  of  air  voatel  which  is  provided  with  gauge  cocke 
and  gauge  glass  also  fitting;  arrangement  for  ro-ch.<rglng 
air  vessel  when  air  accumulates  and  witter  beflina  to  net 
down.  Tlte  «|r  voooel  will  probably  require  ro-churginy 
ovory  fortnight  or  thhee  weeks, 
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Tho  method  of  ro-charglncr  tho  air  vessel  Is  as 
follow* -When  the  water  In  I ho  air  vessel  Is  observed  to 
be  getting  tow  by  the  level  In  nauge  plats. Close  tlie  ri;h*. 
angled  v.ilv*,open  tho  vobre  on  the  small  bellmouth  tc 
the  loft, also  tho  air  oock  on  top.  Fill  the nir  vesrol  full  of 
water,  close  both  cocks  and  open  the  right  anplod  valvo. 
Tho  flow  through  the  syphon  should  bo  kept  os  regular  ns 
possible.  If  stopped  for  any  Umo  air  is  liable  to  accu- 
mulate and  stop  the  syphon  action 
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The  accompanying  plate  8howa  the  direction  taken  by 
culvert  round  a bund  and  a section  of  a masonry  tower 
with  a culvert  through  the  bund. 

Syphons. — Syphons  are  also  used  for  passing  water  from 
a tank,  and  are  desirable  in  some  cafes,  for  instance,  when 
an  old  tank  is  taken  up  for  the  supply  of  water  to  a town, 
and  when  it  is  considered  risky  to  cut  through  an  old  em- 
bankment, or  whoro  it  would  bo  too  expensive  to  introduce 
a tunnol  outlet ; such  a method  has  been  used  for  tho  with- 
drawal of  the  water  from  tho  Crusoo  tank,  Sandhurst,  Austra- 
lia, at  Nagporo,  Central  Provinces  and  at  tho  Nulla  Cheruvu. 
tank  near  the  town  of  Adoni,  Southern  India.  The  syphon 
adopted  at  Adoni  is  shown  on  an  accompanying  plate. 
Tho  method  of  filling  it  and  keeping  it  at  work  is  noted 
on  tho  plate. 

It  is  often  advisable,  in  order  to  limit  the  longth  of  tho 
culvert  through  an  embankment  and  the  height  of  the  valvo 
tower,  to  arrange  to  draw  off  the  lowest  water  through  the 
culvert  by  a syphon  pipe  thus. — 


The  accompanying  table  gives  a large  amount  of  inform- 
ation in  regard  to  the  proportions,  construction  and  cost  of 
several  tanks  in  the  Deccan  : — 
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Abstract  Particulars  of  Storage  Works 
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© 

No. 

Name  of  work. 

<x> 

_ TJ 

> 

o 

s 

3 

o 

& 

o 

o 

p 

ft 

verage  annua 
md  estimate 
don  of  run-off 

rQ 

a 

Jh 

O 

O 

f— » 

<3 

ross  under 
jommand. 

c3 

3 

o3 

50 

• 

t 

•*3 

< 

u 

1 

2 

3 

4 

5 

6 

7 

Constructed. 

Square 

miles. 

Inches. 

Feet 

per 

Acres. 

Acres. 

mile. 

1 

Mherun  Tank,  Kh&n- 

3-45 

29-33 

desh. 

2 

Mhasva  Tank,  KMn- 

14-00 

22-00 

4,093 

3,912 

desh. 

15-28 

4 

3 

Matoba  Tank,  Poonah. 

10-00 

3200 

10,700 

7,133 

4 

P&shan  do.  do. 

16-00 

... 

41-00 

• • • 

5 

Patas  do.  do. 

3-00 

15-85 

4 

38-00 

. . • 

, , , 

6 

Ekrdk  Tank,  Shol&pur. 

15900 

81-57 

4 

11-00 

17,746 

16,784 

7 

Pandharpur  Tank 

10-00 

27-97 

33-00 

Sholapur. 

24' 24 

8 

Maini  Tank,  Sattara. 

54-00 

4 

20-00 

4,639 

3,364 

9 

Islampur  Tank,  Sat- 

2-45 

28 '57 

42-00 

t&ra. 

4 

Under  Construction. 

• 

10 

Khirdi  Sata  Tank, 

6-40 

18-81 

3400 

Nasik. 

4 

• . • 

11 

Pangaon  Tank,  Nasik. 

298-00 

3292 

4 

900 

52,356 

51,548 

12 

Khas  Tank,  Satt&ra. 

1-97 

1S9-G7 

3 

61-66 

... 

... 

13 

Doni  Tank,  Dharwar. 

24-00 

22*32 

4 

33  00 

2,440 

1,952 
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constructed  or  under  construction  in  the  Deccan. 


Tank . 


Areas  of 
contours. 

sill  of 

i 

Sh 

O 

ft 

CO 

> 

0) 

0 

.2 

At  F.T.L. 

At  sluice  sill. 

Total  capacity. 

Capacity  above 
sluice. 

Depth  allowed  foi 
ation. 

2 

O 

ft 

a 

> 

a 

<D 

CD 

CD 

O 

A 

Available  storage. 

8 

9 

10 

11 

12 

13 

14 

Millions 

Millions 

Millions 

Millions 

Millions 

Millions 

of 

of 

of  cubic 

of  cubio 

Feet. 

of  cubic 

of  cubio 

square 

feet. 

square 

feet. 

feet. 

feet. 

feet. 

feet. 

6"575 

0-050 

68-044 

67-894 

o 

o 

23-414 

44-480 

18-3  AS 

0790 

160962 

158-571 

3 00 

27  523 

131-048 

21-000 

0-330 

230000 

229000 

400 

42-000 

187-000 

6-750 

1-000 

80  000 

73-000 

4-00 

16-000 

57000 

2-000 

0080 

15000 

14-750 

4-00 

4-000 

10-750 

108232 

12000 

3,330-000 

3,310000 

7-00 

777  500 

2,532-500 

8-530 

2-000 

89-000 

79-000 

500 

26-420 

52-580 

16-570 

1-200 

195-270 

188-590 

5 00 

33  080 

155-510 

3-365 

0-245 

25-230 

24-500 

4-00 

6-730 

17-770 

7-590 

0-930 

57  000 

52-500 

5 00 

24-660 

27-840 

291-960 

25  000 

6,290000 

4,926000 

Project  incomplete. 

3-373 

0-333 

53-817 

52-190 

4-00 

7-733 

44-457 

8-885 

0-760 

140-610 

136410 

4-00 

20-000 

116-410 
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Abstract  Particulars  of  Storage  Works  constructed  or 


Tank — 

cont. 

No. 

Name  of  work. 

/ 

Estimated  total  yield  of 
catchment  basin  (col.  4.) 

■ 1 

Proportion  of  total  yield 
to  capacity  (col.  11.) 

t 

Capacity  (col.  11)  per 
square  mile  of  catch- 
ment basin. 

Cost  of  storage  capacity 
(col.  11)  per  million 
cubic  feet. 

1 

15 

' 16  j 

17 

18 

1 

Constructed. 

Mherun  Tank,  Kh&n- 

Millions 
of  cubic 
feet. 

- 

Millions 
of  cubic 
feet. 

19-679 

KS. 

950 

2 

desh. 

Mhasva  Tank,  Khan- 

11-326 

421 

3 

desh. 

Matoba  Tank,  Poonah  .. 

88-75 

0-39 

22-900 

526 

4 

Pashan  do.  do. 

. . . 

4-562 

2,290 

5 

Patas  do.  do. 

27-00 

1-87 

4-917 

2,317 

G 

Ekruk  Tank,  Sholapur. 

2,914-48 

0-88 

20-818 

233 

7 

Pandharpur  Tank,  Sholh- 

161-92 

205 

7-900 

1,363 

8 

pur. 

Maini  Tank,  Satfcdra  .. 

760-24 

4-03 

3-492 

1,018 

0 

Islampur  Tank,  Sattara. 

40-64 

1-66 

10000 

1,766 

10 

Under  Construction. 
lvhirdi  Sata  Tank,  Nasik. 

69-88 

1-33 

8-203 

1,222 

11 

P&ngaon  Tank,  Nasik. 

5,697-74 

1-16 

16-530 

258 

12 

Khas  Tank,  S&ttara 

21309 

4-08 

26-492 

1,306 

13 

Doni  Tank,  Pharwar  ... 

311T2 

2-28 

5-684 

498 
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under  construction  in  the  Deccan — continued. 


Dam. 

Waste  weir. 

Length  of  dam. 

Maximum  height  of  dam. 

Depth,  outlet  or  sluice 
sill  to  F.T.L. 

M.  W.  L.  above  F.T.L. 

Top  of  dam  above  M.W.L. 

Top  width  of  dam. 

Description  of  dam. 

Length  of  waste  weir. 

M.W.L.  above  crest. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1,848 

41-20 

2300 

300 

6-00 

8-00 

Earthen 

200 

3 00 

1,494. 

44-00 

2200 

4-10 

6-00 

10-00 

Do. 

300 

4-10 

6,095 

48-41 

29-00 

3 00 

600 

6-00 

Do. 

600 

300 

2,750 

5200 

31-00 

400 

618 

6-00 

Do. 

400 

4-00 

2,900 

2900 

16  00 

300 

400 

600 

Do. 

170 

3 00 

, 6,940 

75-66 

3825 

1000 

700 

600 

Do. 

750 

10-00 

3,500 

44-00 

1800 

4"  50 

6-50 

400 

Do. 

200 

4*50 

1 3,370 

57-33 

3120 

5 00 

800 

3-00 

Do. 

600 

5-00 

2,892 

30-97 

15-00 

200 

5-00 

600 

Do. 

200 

2CC 

2,465 

4100 

1500 

500 

6-00 

6-00 

Do. 

150 

5 00 

15,100 

76-80 

3000 

10-38 

5-62 

8'00 

Do. 

1,500 

10-38 

1,425 

48  64 

2700 

300 

600 

600 

Do. 

200 

3 00 

452 

60-00 

3400 

6-40 

• * * 

6-00 

Concrete  with 
masonry- 
faces. 

350 

6-40 
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Abstract  Particulars  of  Storage  Works  constructed  or 


No. 

Name  of  work. 

Waste  weir — cont. 

Sluices. 

Top  of  dam  above  crest. 

Estimated  maximum 
flood  discharge. 

Discharging  power  of 
waste  weir. 

Estimated  run-off  per 
hour. 

' 

Area  of  openings. 

Maximum  discharge. 

28 

29 

30 

31 

32 

33 

Cubic 

Cubic 

Square 

Cubic 

Feet. 

feet  a 

feet  a 

Inches 

feet  a 

Constructed. 

second. 

second. 

teet. 

second 

1 

M her un  Tank,  Khan- 

9'00 

2,226 

2,226 

1-00 

0-39 

9-31 

desli. 

2 

Mhasva  Tank,  Khan- 

10-10 

9,035 

9,034 

100 

312 

71-37 

desh. 

3 

Mafcoba  Tank,  Poonah. 

9-00 

9,680 

10,000 

1-50 

2-35 

5400 

4 

Pashan  do.  do. 

10-18 

11,564 

11,000 

112 

0-55 

12-00 

5 

Patas  do.  do. 

O 

o 

2,904 

3,000 

1-50 

0-78 

14-00 

6 

Ekrdk  Tank,  Shol&pur. 

17-00 

43,095 

43,763 

0-42 

24-00 

621-00 

7 

Pandharpur  Tank, 

11-00 

9,680 

5,944 

1-50 

D-78 

1100 

Shol&pur. 

8 

Maini  Tank,  Sattara. 

13-00 

23,697 

24,000 

0-68 

314 

86-00 

9 

Islampur  Tank,  Sat- 

7-00 

1,296 

1,305 

0-82 

0-88 

1300 

tara. 

Under  Construction. 

10 

Khirdi  Sata  Tank, 

11-00 

4,130 

4,130 

TOO 

0-88 

22-00 

Nasik. 

11 

Pangaon  Tank,  Nasik. 

1600 

192,309 

192,307 

1-00 

... 

12 

Khas  Tank,  Sfittara  ... 

9-00 

3,814 

3,580 

3-00 

4-00 

102-00 

13 

Doni  Tank,  Dharwar. 

... 

15,488 

15,340 

1-00 

312 

94-00 
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under  construction  in  the  Deccan — continued. 


Cost  of  works. 

Dam. 

Outlet  of  sluices. 

Waste  weir. 

. 

Land  compensation. 

Total. 

Remarks. 

34 

35 

36 

37 

38 

39 

RS. 

RS. 

RS. 

RS. 

RS. 

41,371 

2,515 

17,034 

3,603 

64,523 

Water-supply. 

56,682 

5,147 

962 

4,039 

66,830 

1,10,422 

2,911 

1,717 

5,400 

1,20,450 

1,13,633 

10,462 

13,466 

29,627 

1,67,188 

Town  water-supply. 

27.146 

2,225 

3,426 

1,378 

34,175 

Do.  do. 

5,38,919 

64,406 

1,07,106 

61,372 

7,71,803 

85,652 

4,753 

16,837 

431 

1,07,673 

Town  water-supply. 

1,53,113 

14,869 

21,348 

2,654 

1,91,984 

33,316 

637 

1,521 

7,882 

43,356 

Town  water-supply. 

40,830 

1,610 

14,720 

7,000 

64,160 

Town  water-supply 
suspended.  Famine 
relief  works,  1877- 

9,78,382 

60,000 

71,421 

1,63,008 

12,72,811 

Do.  do. 

50,967 

7,622 

8,675 

900 

68,164 

Water-supply  for  Sat- 
t&ra ; small  scheme 
abandoned  for 

larger. 

51,655 

2,019 

13,611 

700 

67,985 

Suspended.  Famine 
relief  work,  1877. 
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THE  CONVEYANCE  OF  WATER-SUPPLIES. 

Water-supplies  may  be  divided  into  three  classes  : — 

(1)  Gravitation, 

(2)  Pumping, 

(3)  Gravitation  and  pumping  combined. 

In  the  first  class,  the  source  is  situated  at  such  a level 
above  the  town  as  will  allow  the  water  to  be  delivered  in  the 
town  at  a reasonable  height  above  ground  level. 

In  the  second  class,  the  source  will  be  below  the  town 
level  or  only  slightly  above  it. 

In  the  third  class,  the  source  may  be  either  above  or 
below  the  town. 

The  three  classes  are  shown  graphically  on  the  accompany- 
ing plate. 

Conduits. — A pure  supply  of  water  is  necessarily  im- 
pounded, or  drawn  at  a distance  from  the  town  where  it  is 
to  be  used.  It  is,  therefore,  also  a necessity  to  conduct  the 
water  to  the  outskirts  of  the  town  in  such  a manner  that  its 
purity  may  be  maintained  as  far  as  possible. 

Open  channels. — In  this  country  it  is  sometimes  neces- 
sary to  adopt  an  open  channel  in  order,  when  the  source  of 
supply  is  at  a distance,  to  save  expense.  Such  a channel 
must  be  thoroughly  fenced,  protected  against  pollution  by 
drainage,  or  otherwise,  but  it  is  almost  impossible  to  keep  such 
a channel  free  from  invasion  by  animals  of  various  description. 
An  open  channel  also,  unless  with  considerable  gradients,  is 
apt  to  be  filled  with  aquatic  plants,  weeds,  &c.;  fish,  frogs,  &c., 
will  find  a home  in  its  waters ; it  is  therefore  the  least  satis- 
factory description  of  conduit. 

Masonry  conduits. — Where  the  quantity  of  water  to 
be  dealt  with  is  moderate  and  where  every  chance  of  all  but 
a moderate  water  pressure  on  the  conduit  can  be  avoided, 
stonewaro  (or  even  earthenware)  or  cement  pipes  may  be 
found  suitable.  Whore  the  quantity  is  large,  and  the 
obtainable  gradient  a moderate  one,  resort  must  be  had  to 
culverts  of  brick  or  masonry.  These  are  unsuited  to  any 
pressure  from  within,  and  should  never  run  full.  The  cross 
sections  of  several  examples  of  such  conduits  are  to  be  found 
in  the  diagram  following.  The  discharges,  through  such 
conduits  if  open  channels,  may  be  determined  by  methods 
already  stated,  and  if  through  closed  conduits,  by  the  formulee 
or  tables  of  discharges  applicable  to  sewers  ( seq .) 
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DIAGRAM  NO.  I ILLUSTRATING  THE  GRAVITATION  SYSTEM 
H. Y 9 RAUL  jc  _GRAD[ENT_ 


DIAGRAM  NO.  2 ILLUSTRATING  A DIRECT  PUMPING  SYSTEM 
HYDRAULIC  GRADIENT. 


DIAGRAM  NO.  3. ILLUSTRATING  A COMBINED  PUMPING  AND  GRAVITATION  SYSTEM. 


HYDRAULIC  GRADIENT 


DIAGRAM  NO.  4 ILLUSTRATING  A COMBINED  GRAVITATION  AND  PUMPING  SYSTEM 
Note  _T>e  diagram  shews  two  alternatives;  when  pumping  is  done  from  a service  reservoir  at  P.  S. 

' the  main  up  to  that  point  may  be  of  less  diameter  than  it  pumping  were  done  at  S. 

H Y DJR  A y L iC.  SR  Ap  11 YT- 


HYDRAULIC. GRADIENT,  , 


fOWN 
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Iron  conduits. — Iron  pipes  form  the  best  description  of 
conduit,  as  they  do  not  require  to  be  laid  at  any  particular 
gradient,  but  may  follow  the  natural  slope  of  the  country,  and 
be  laid  in  a more  direct  line  than  would  be  possible  with  con- 
duits of  either  of  the  former  description.  The  water  in  these 
may  be  under  pressure,  and  the  size  of  such  conduits  is  then 
to  be  determined  in  a manner  similar  to  that  used  for  iron 
pipe  discharges  and  on  principles  to  be  hereafter  enunciated. 

THE  PURIFICATION  OF  WATER. 

Works  necessary. — In  any  system  of  distribution  of 
water-supply  unless  the  water  has  been  naturally  filtered, 
filters  and  compensating  or  clear  water  reservoirs  are  desir- 
able ; in  most  cases  they  are  necessary . A subsiding  reservoir 
is  also  a necessary  adjunct,  if  the  water  to  be  used  is  such 
that  it  yields  a deposit  as  would  soon  tend  to  clog  up  the 
filters.  These  works  will  now  be  described  and  illustrated. 

Settling  tanks.— -The  area  of  subsiding  reservoirs  or 
settling  tanks  required,  depends  on  the  state  of  the  water 
when  admitted  to  them.  "Water  may  hold  in  suspension  very 
large  quantites  of  material ; if  this  is  of  a heavy  description 
tho  deposit  will  take  place  much  moro  quickly  than  with 
material  of  a lighter  class.  The  proper  area  of  a subsiding 
reservoir  must,  therefore,  be  determined  in  reference  to  the 
amount  and  specific  gravity  of  the  material  in  suspension. 
The  time  taken  to  deposit  such  matters  must  be  a matter  of 
experiment  or  experience. 

Constant  v.  Intermittent  settlement. — Settlement 
may  be  conducted  either  on  the  constant  or  alternating  system. 
In  the  former  system  the  water  is  continually  flowing  in  at 
one  end  and  out  at  the  other  end  of  the  settling  reservoir,  the 
reservoir  is  thus  a canal  with  a low  velocity  ; with  alternating 
or  intermittent  settlement,  two  reservoirs  at  least  are  necessary, 
water  being  drawn  off  from  one  reservoir,  while  it  is  admitted 
to  another.  The  depth  of  settling  reservoirs  is  from  8 to  15 
feet ; it  is  not  always  possible  to  arrange  the  levels  of  the 
filter  beds,  so  that  the  water  can  be  drawn  down  to  within 
a few  feet  of  tho  bottom  of  the  settling  reservoirs.  If  it  is 
possible  to  draw  down  only  a few  feet  below  the  maximum 
water  level,  pumps  should  "be  provided  for  emptying.  The 
lower  two  or  three  feet  should  never  be  drawn  to  the  filters. 

There  is  a difference  of  opinion  as  to  whether  constant 
or  intermittent  settlement  is  best  ; each  particular  case 
should,  it  is  thought,  be  decided  on  its  own  merits  ; the  pros 


DESIGN  OF  SETTLING  RESERVOIRS. 


301 


and  cons  art)  these.  With  the  constant  system  there  is  longer 
time  for  settlement  with  the  water  very  nearly  at  rest  than 
there  would  ho  with  the  same  capacity  of  reservoir  under 
the  intermittent  system,  but  on  the  other  hand,  perfect  rest 
is  much  more  favourable  to  settlement  than  even  a very 
small  velocity,  and . cortainly  in  this  country  it  will  be 
preferable  to  adopt  the  intermittent  system,  as  likely  to  be 
more  perfectly  worked.  With  the  intermittent  system  there 
is  a tendoncy,  when  the  water  is  drawn  down  vory  low,  for 
the  deposit  to  bo  moved  from  near  the  inlet  to  the  outlet ; 
this  is  not  so  likely  under  tho  constant  system. 

Design  of  settling  reservoirs. — The  best  form  for  a 
settling  reservoir  is  a rectangle  with  tho  length  several  times 
the  breadth  and  where  this  can  be  divided,  so  that  the  water 
travels  this  length  several  times  over,  that  form  is  still  more 
efficient : — 


A circular  form  is  the  most  economical,  a square  form 
more  so  than  a rectangular  form,  but  with  twro  reservoirs  closo 
together,  this  latter  form  for  the  outer  boundary  of  two 
adjacent  reservoirs  can  be  advantageously  adopted.  In 
section,  the  reservoir  may  have  slopes  2 to  1 or  3 to  1,  and 
should  be  revetted,  or  lined  with  such  material  as  will  allow 
the  banks  to  bo  cleansed.  The  floor  should  have  a slope  of 
1 in  200  towards  a drain  for  which  a slopo  of  1 in  300  is 
sufficient. 

Position  of  inlets  and  outlets. — The  selection  of  the 
proper  position  for  inlets  and  outlets  of  subsiding  reservoirs 
requires  attention.  There  are  four  relative  positions  : — 
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(1)  Both  inlet  and  outlet  at  top  of  reservior. 

(2)  Both  inlet  and  outlet  at  bottom  of  reservoir. 

(3)  Inlet  at  top  and  outlet  at  bottom. 

(4)  Inlet  at  bottom  and  outlet  at  top. 

The  best  position  is  (4)  because  if  the  entering-  water  is 
colder  than  that  already  in  the  reservoir,  it  will  incline  to 
remain  at  the  bottom  and  force  up  the  purer  water,  if  it  be 
warmer  it  will  however  tend  to  rise  and  take  a more  direct  • 
course  towards  the  outlet,  but  having  to  pass  through  a larger 
body  of  wator  from  this  position,  its  temperature  will  soon  be 
assimilated  and  that  tendency  cease  : the  position  is  illustrated 
thus  ; — 


It  is  evident  however,  under  this  system,  that  water  can 
be  drawn  down  only  a short  distance  from  the  top  level ; a 
modification  is  therefore  necessary,  if  the  intermittent  system 
(wherein  the  water  is  drawn  down  to  within  two  or  three  feet 
of  the  bottom)  is  in  force  ; a stand  pipe  with  valves  at  different 
levels  or  a floating  pipe  must  be  used.  The  latter  is  illustrated 
in  the  following  diagram": — 
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The  water  until  it  appears  turbid  is  drawn  down  and 
passed  to  the  filters  ; the  remainder  must  be  passed  off  to 
waste.  The  cleansing  of  subsiding  reservoirs  may  take  place 
at  any  interval,  the  frequency  or  otherwise  having  reforenco 
to  tho  nature  and  amount  of  the  deposit. 

From  the  settling  tanks  the  water  is  passed  to  the  filters. 

Principles  of  filtration. — Before  entering  on  a descrip- 
tion of  filter  beds,  it  is  advisable  to  enunciate  the  principles 
upon  which  filtration  depends, — a matter  which  is  generally 
very  imperfectly  understood.  The  latest  experiments  made 
are  those  in  relation  to  filters  in  connection  with  the  water- 
supply  of  Berlin,  and  the  results  and  conclusions  arrived  at, 
which  are  but  a corroboration  of  less  recent  conclusions,  may 
be  stated  succinctly  as  follow  : — 

Filtration,  a biological  process. — The  operation  of 
filtering  was  for  a long  period  deemed  an  entirely  mechanical 
operation,  for  sifting  out  visible  matters  in  suspension,  the 
result  being  tested  merely  by  the  aid  of  tho  eye.  Subsequently 
chemical  analysis  was  resorted  to,  and  this  resulted  in  a large 
reduction  of  the  speed  of  filtration  which  is  now  generally 
4 to  6 inches  in  depth  of  water  per  hour.  The  application  of 
bacteriology  to  the  testing  of  water  gave,  however,  a clearer 
conception  of  the  changes  to  which  water  is  subjected  in  pass- 
ing through  sand  filters  and  showed  that,  for  the  wator  from 
each  particular  source,  there  is  a rate  of  filtration  particularly 
applicable.  If  the  sand  of  filters  is  of  a fairly  uniform  grain, 
the  volume  of  the  interstices  is  about  33  per  cent.  Water 
abounds  with  micro-organisms  and  in  somo  waters  tho  bacteria 
of  cholera,  typhus,  or  tuberculosis  may  be  prosent.  It  is 
therefore  desirable  to  remove  as  many  bacteria  as  possible 
beforo  the  water  is  available  for  domestic  supply.  Sand,  when 
closely  packed,  has  interstices  between  the  grains  of  -^th  of 
a millimetre  (0'00393  of  an  inch),  whereas  bacteria  aro  of  a 
size  from  ^^th  to  5-^th  of  a millimetre  (0  000065  to  '000196 
of  an  inch)  so  that  they  can  easily  pass  through  the  chan- 
nels amongst  the  sand  grains.  The  longer  the  channels  the 
slower  the  rate,  and  the  greater  the  chance  of  arrestment,  but 
economic  considerations  limit  the  depth  of  sand  and  flow  of 
water  so  that  the  former  is  limited  to  from  2 to  3 feet,  and  tho 
latter  to  4 inches  per  hour.  U nder  such  conditions  nevertheless 
sand  filters  arrest  the  bacteria  as  shown  by  the  following 
analysis  of  1 kilogram  of  sand  by  Koch’s  process : — 
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Colonies  of 
bacteria  capable 
of  further 
development. 
Millions. 


At  the  surface  . . . . . . • • 734 

At  4"  below  surface  ..  ..  ..  190 

At  8"  do.  150 

At  12"  do.  92 

At  24"  do.  60 


The  grains  of  sand  examined  were  moreover  found  to  be 
covered  with  a thin  skin  consisting  in  part  of  bacteria.  The 
sand  referred  to  had  been  some  ten  years  in  use,  and  it  was 
thought  that  clean  sand  would  give  better  results.  This, 
however,  was  found  not  to  be  the  case.  Investigation,  chemical 
and  bacteriological,  followed  for  two  years  with  different 
classes  of  sand  and  waters,  and  it  was  found  that  the  effect  of 
sand  filtration  was  due  very  slightly  to  chemical  action  and 
almost  wholly  to  the  labours  of  the  bacteria  themselves.  The 
sand  was  found  to  be  a matrix  on  which  the  bacteria  fastened 
themselves,  and  if  the  water  is  insufficient  in  force  (that  is  of 
moderate  speed)  to  carry  the  bacteria  away,  the  bacteria  carry 
on  the  conversion  of  organic  substances  liable  to  putrefaction 
in  water  into  inorganic  matters.  Sand  filtration  is  therefore 
a biological  process.  There  are  many  particles  of  matter  in 
river  and  tank  waters,  which  in  addition  to  bacteria,  deposit 
themselves  on  the  surface  of  sand,  and  form  a continuous 
covering,  the  pores  of  which  are  finer  than  the  sand  pores. 
A coating  is  also  produced  by  algae  abounding  in  such 
waters.  Through  such  coating  the  water  percolates,  and  on 
it,  and  in  it  the  bacteria  settle,  reinforced  in  numbers,  by  each 
drop  of  water  passing  through.  Multitudes  pass  through, 
and  in,  and  on  to  the  sand  whore  they  adhere,  and  continue 
their  labours  on  all  water  passing  them,  and  the  colonies  are, 
as  already  stated,  most  dense  at  the  surface.  The  removal 
of  organic  matter  or  the  conversion  of  organic  into  inorganic 
matter  takes  place  therefore  with  the  greatest  intensity  near 
the  surface,  and  it  ia  found  that  below  1 2 inches  in  depth  the 
reduction  of  tho  oxidation  is  extremely  small,  there  not  being 
sufficient  food  in  the  lower  strata  to  support  a large  bacteria 
population.  It  is  therefore  deduced  that  no  equivalent 
advantage  is  secured  by  an  increase  in  the  thickness  of  the 
sand  layer.  To  prevent  the  bacteria  being  washed  down  into 
tho  lower  layers  it  is  necessary  to  increase  tho  head  of  water 
on  the  sand  very  gradually,  and  an  increase  to  certain  limits 
in  this  way  is  not  injurious  ; probably  2 feet  is  a maximum 
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SECTIONS  OF  FILTERS 


FIG. NO  I 


FIG  NO  3 


NOTE  Fig  1 shews  a Longitudinal  Section  <a  portion) 
and  Fig  2 the  cross  section  (a  portion)  of  one  Fllte  Bed. 
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difference  of  depth  between  the  level  of  water  in  the  filters, 
and  the  level  of  that  which  has  passed  through  ; the  proper 
rato  of  filtration  is  from  4 inches  (preferably)  to  6 inches  of 
dopth  of  water  por  hour,  or  450  gallons  to  675  gallons  per 
square  yard  per  diem. 

Filter  designs. — The  plate  accompanying  shows  sec- 
tions of  filters  of  varied  design.  One  point  to  be  carefully 
considered  is  the  manner  of  admission  of  the  water  to  tho 
filters,  and  this  should  be  so  arranged  that,  when  tho  filtor 
is  first  filled,  tho  sand  should  not  bo  liable  to  bo  disturbed. 
Filters  ought  to  be  filled  up,  if  possible  when  completely 
do-watorod,  from  bolow.  Arrangements  should  also  be  mado 
so  that  the  ‘head’  of  tho  filtor  can  be  altered  as  necessary. 
Ono  plan  of  doing  this  is  shown  in  figs.  3 and  5 of  the  above 
plato,  the  pipe  marked  A being  capable  of  being  raised  or 
loworod  as  required ; where  expense  has  not  to  bo  considered, 
the  best  arrangement  is  an  automatic  one  which  maintains 
always  tho  same  rate  of  flow  through  the  filters. 

The  floor  of  a filter  bed  may  be  mado  to  slope  a little 
but  this  is  not  absolutely  necessary,  as  it  is  tho  static  head 
that  makes  the  water  flow  through  the  filter  bed  drains.  Tho 
drains,  unless  discharging  into  an  open  channel  (see  fig.  3 of 
the  above  plate),  must  be  veutilated,  and  these  ventilators 
should  be  carried  to  ground  level  (soe  fig.  4).  Tho  sides  of 
a filter  bod  may  be  either  vertical  or  sloping.  With  sloping 
sides,  tho  mean  area  of  the  sand  bed  is  the  area  of  tho  filter 
bed  to  bo  considered  in  relation  to  tho  flow  and  in  tho 
determination  of  the  size  of  tho  bed . Where  water  is  admitted 
to  the  filtor  bed  direct  from  an  impounding  reservoir,  a 
screening  arrangement  such  as  that  shown  in  fig.  3 of  the 
above  plate  is  advisable,  unless  screens  have  boon  provided  in 
the  offtake  tower  or  other  outlet. 

Filter-head.  — It  should  be  noted  that  it  is  not  an 
unusual  error  to  suppose  that  tho  depth  of  water  over  the  sand 
affocts  the  rate  of  filtration  ; that  rate  dopends  on  tho  differ- 
ence of  the  levol  inside  and  outside  the  filter  only  and  not  on 
the  depth  of  water  over  tho  sand  (see  fig.  3).  Some  persons 
also  consider  that  this  latter  depth  has  considerable  effect  on 
the  temperaturo  of  the  water ; this,  however,  is  not  so  ; for 
instance,  if  filtration  is  proceeding  at  the  rate  of  4 inchos  per 
hour  or  8 feet  per  diem  and  only  1 foot  depth  of  water  ovor  the 
sand,  it  will  be  exposed  to  the  heat  of  the  sun  for  threo  hours;  if 
there  be  3 feet  of  water  there  will  be  threo  times  the  quantity 
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of  water  to  be  treated,  but  it  will  bo  exposed  to  the  sun  for 
nine  hours.  It  is  evident  therefore  that,  unless  the  depth  can 
be  made  such  that  the  rays  of  the  sun  cannot  penetrate  the 
lower  layers  (and  this  is  impracticable  8 or  9 feet  being 
required),  there  is  not  much  advantage  in  having  a great 
depth.  Engineers  generally,  however,  favour  a depth  of  about 
3 feet. 

Cleansing  filters  and  sand. — It  is  necessary,  in  order 
to  carry  on  filtration  at  the  rate,  and  without  any  excess  over 
the  head,  already  stated,  to  clean  the  sand  from  the  filters. 
When  a filter  has  been  in  action  some  weeks,  the  organic 
matter  collected  on  the  sand  surface  deprived  of  its  free 
movements  in  water  may  die  and  in  hot  weather  putrefy.  It 
is  a sign  of  advanced  putrefaction  when  spongy  masses  float 
on  the  surface  of  the  water  of  the  filters,  and  it  is  then  time 
to  stop  the  filter  and  clean  it.  This  is  done  by  allowing  the 
water  to  run  away  by  the  scour  pipes  ; after  the  water  has 
been  drawn  down  to  a level  of  1 foot  below  the  sand,  and 
discharged  as  usual,  a sheet  of  sand  ought  to  be  removed 
equal  to  j"  in  thickness.  The  surface  is  then  raked  with  tooth- 
less wooden  rakes.  After  the  filter  has  been  so  treated,  it 
should  remain  exposed  to  the  atmosphere  for  some  time.  The 
sand  so  removed  is  not  at  once  replaced,  as  this  would  involve 
too  much  labour,  and  it  is  usual  to  remove  the  sand 
before  replacement  until  its  thickness  is  reduced  by  50  per 
cent,  or,  say,  to  1 foot.  No  sand  is  so  clean  that  it  does  not 
require  washing,  and  even  if  clean  sand  were  always  at 
hand  and  available,  it  should  be  so  before  use.  The  usual 
practice  is  to  clean  the  sand  removed  from  the  beds  using  it 
over  and  over  again,  and  this  may  be  done  by  means  of  a 
sand-washing  box  (plate  accompanying).  The  sand  is  placed 
in  the  box  and  water  is  admitted  from  below;  a pressure 
of  7 to  8 feet  is  the  best.  The  sand  is  stirred  up  and  the 
entering  water  overflowing  carries  off  the  impurities  in  the 
sand ; when  the  water  flows  away  quite  clear  the  sand  is 
removed  and  stored  (in  ono  corner  of  the  filter  bed  if  possible) 
ready  for  use.  In  the  diagram  accompanying  is  a sand- 
washing apparatus  known  as  “ Walker’s  Patent”  tlio  water 
being  introduced  from  below  through  flexible  pipes  attached 
to  a main,  t.ho  buckets  can  be  tipped  when  the  sand  is  clean. 
Those  buckets  are  placed  in  batteries  of  such  numbers  as 
roquired,  and  a small  truck  running  alongside  the  battery 
collects  the  clean  sand  and  conveys  it  to  the  filters.  A third 
plan  is  to  construct  a narrow  shallow  canal  into  and  out  of 
which  water  flows  continuously ; the  sand  is  put  in  near  the 
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outlet  end  and  raked  up  towards  the  inlet  end.  The  rate 
of  flow  and  raking  of  the  sand  should  be  so  regulated  that  no 
sand  is  driven  out  of  the  outlet  and  that  before  the  inlet  is 
reached  the  water  passed  through  the  sand  is  quite  clear.  A 
canal  30  feet  long  is  sufficient  for  populations  up  to  100,000  ; 
for  small  populations  the  box  plan  is  the  best.  The  water 
used  for  sand-washing  should  be  filtered  water,  or  at  any  rate, 
clean  water  purified  in  some  measure.  Filter  beds,  besides 
the  ordinary  cleansing  above  described,  should  at  intervals 
of  six  months,  a year  or  two  years  as  required,  be  thoroughly 
emptied  out, 

Results  of  cleansing  filters.  — Filters  to  a minor 

degree  give  less  satisfactory  results  after  cleansing  than  before 
cleansing.  On  restarting  a filter  the  water  should  be  filled 
into  the  normal  depth  and  allowed  to  stand  24  hours.  If 
the  filter  has  been  merely  cleaned,  it  will,  at  its  normal 
speed,  deliver  satisfactory  water  on  the  third  day,  but  if  fresh 
sand  has  been  added  not  until  the  tenth  day. 

Area  and  number  of  filter  beds.  — To  provide  for 
cleaning,  one  filter  bed,  at  least  must  always  be  out  of  action 
and  the  filter  area  must  be  divided  among  two  or  more 
independent  beds  and  then  one  additional  bed  should  be 
provided  as  a surplus.  The  greater  the  number  of  equal 
divisions  the  less  will  be  the  surplus  area  to  be  provided  and, 
on  the  other  hand,  each  division  adds  to  the  cost  so  that  both 
convenience  and  finance  are  factors  in  controlling  the  design. 
The  division  may  be  approximately  as  follows : — 


Population. 

Number 
of  gallons 
per  bead. 

Gallons 

per 

diem. 

Actual  filter 
area  required. 

Suggested 
number  and 
size  of  filters. 

5,000  ...  | 

7.5 

37,500 

sq.  YDS. 
84 

sq.  FT. 
756 

NO. 

3 

SIZE.  ' 

20  X 20 

10-0 

50,000 

111 

999 

3 

22  X 22 

15-0 

75,000 

166 

1,494 

3 

28  X 28 

7,500  ...  \ 

7‘5 

66,250 

125 

1,125 

3 

24  X 24 

100 

75,000 

166 

1,494 

3 

28  X 28 

( 

15-0 

112,500 

250 

2,250 

3 

34  X 34 

10,000  ...  \ 

7-5 

75,000 

166 

1,494 

3 

28  X 28 

100 

100,000 

222 

1,998 

3 

32  X 32 

15-0 

150,000 

333 

2,997 

3 

38  X 38 

15,000  ...  1 

7'5 

112,500 

250 

2,250 

3 

34  X 34 

100 

150,000 

333 

2,997 

3 

38  X 38 

15-0 

225,000 

500 

4,500 

4 

38  X 38 
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: 

Population. 

Number 
of  gallons 
per  head. 

Gallons 

per 

diem. 

Actual  filter 
area  required. 

Suggested 
number  and 
size  of  filters. 

SQ.  YDS. 

8Q.  FT. 

NO. 

| 

SIZE. 

r 

75 

150,000 

333 

2,907 

3 

38  X 38 

20,000  ...  5 

10-0 

200,000 

444 

3,990 

4 

37  X 37 

t 

150 

300.000 

660 

5,994 

4 

45  X 45 

C 

75 

225,000 

500 

4,500 

4 

38  X 38 

30,000  ...  3 

100 

300,000 

006 

5,994 

4 

45  X 45 

L 

150 

450,000 

1,000 

9,000 

4 

55  X 55 

( 

75 

300,000 

666 

5,994 

4 

45  X 45 

40,000  ...  \ 

100 

400,000 

888 

7,992 

4 

50  X 50 

L 

150 

000,000 

1,332 

11,988 

4 

65  X 65 

( 

75 

375,000 

840 

7,560 

4 

50  X 50 

50,000  ...  3 

100 

500,000 

1,111 

9,999 

4 

58  X 58 

( 

150 

750,000 

1,660 

14,994 

4 

70  X 70 

Rules  for  working  filter  beds  will  be  found  in  an  appen- 
dix to  this  chapter. 

Other  systems  of  purification. — There  are  systems  of 
purification  other  than  that  of  filtration  referred  to  above,  one 
of  the  chief  systems  being  purification  by  what  are  known  as 
revolving  purifiers.  These  are  large  cylinders  which  are  caused 
to  revolve.  The  cylinders  are  partly  filled  with  spongy  iron 
or  cast  iron  borings,  the  latter  being  preferable.  Tho  water  is 
introduced  into  the  cylinders  at  one  end  and  drawn  off  at 
the  other  after  a contract  of  about  3|  minutes  with  the  iron. 
It  is  stated  that  impure  waters  purified  by  moans  of  iron  will 
prove  safer  for  dietetic  purposes  than  even  good  deop  well  or 
spring  water ; because  after  treatment  the  water  can  be  pre- 
served in  covered  reservoirs,  whereas  wells  or  springs  may 
become  contaminated. 

Covered  service  reservoirs  receive  the  water  from 
the  filters  ; they  serve  to  compensate  for  the  difference  between 
demand  and  supply.  The  size  of  a covered  service  reservoir 
is  fixed  by  the  relation  between  the  maximum  demand  and 
the  average  supply. 

Generally  in  a town  it  may  be  taken  that  one  half  the 
supply  is  requirod  in  six  hours,  or  from  G a.m.  to  9 a.m.  and 
3 p.m.  to  G p.m.,  or  that  the  demand  is  at  times  double  the 
average.  As  in  six  hours  only  one  quarter  the  supply  would 
be  received  in  a reservoir  while  one  half  is  demanded,  it 
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must  hold  at  least  a quantity  equal  to  one-fourth  of  the.  day  s 
demand.  It  is  desirable,  however,  to  make  it  hold  one-third 
and  in  some  cases  such  reservoirs  are  designed  to  contain  one 
half  and  up  to  one  day’s  demand.  When  water  is  not 
received  into  the  resorvoir  at  night,  for  instance,  when  water 
is  pumped  only  during  the  day  of  12  hours,  the  reservoir 
should  contain  at  least  one  day’s  supply  and  more  if  dupli- 
cate pumping  machinery  is  not  available. 

Compensating  service  reservoirs. — On  the  plate 

accompanying  is  shown  the  design  of  a compensating  service 
reservoir.  Such  reservoirs  should  he  covered  because  of 
liability  to  be  fouled  by  birds  dropping  matter  into  them, 
by  air  impurities  and  in  order  to  keep  water  cool.  I ke 
following  are  points  in  the  design  and  construction  of  such  a 
reservoir  as  should  be  approximated  to: — 

It  should  be  built  on  a level  ground  and  homogeneous 
soil.  The  design  should  be  so  arranged  that  the  earth  from 
the  excavation  is  utilized  in  covering  the  reservoir  and  form- 
ing the  necessary  embankments  ; the  depth  of  excavation 
therefore  depends  on  the  slope  given  to  the  embankment. 
If  a slope  of  2|  to  1 is  adopted,  an  excavation  about  11  feet 
deep  will  furnish  an  embankment  13  feet  above  ground  line 
giving  2 feet  of  earth  over  the  reservoir  roof. 

The  work  should  be  commenced  by  digging  trenches  7 
feet  wide  and  1 1 feet  deep  for  the  reception  of  the  outside 
walls  (it  will  be  convenient  to  designate  the  outer  walls  which 
are  parallel  with  the  vaulting,  the  side  walls,  and  those  at 
right  angles  to  the  vaulting,  the  end  walls).  The-  bottom 
of  these  trenches  should  be  covered  with  18  inches  of  concrete, 
on  which  concrete  side  walls,  4 feet  thick,  and  7 feet  6 inches 
high,  should  bo  constructed,  the  concrete  being  rammed 
between  the  moulds  for  forming  the  internal  face  and  the 
external  earth.  The  end  walls  should  be  similar,  except  as 
regards  the  internal  face  which  should  have  six  curved  bays, 
the  radius  of  the  curve  being  11  feet  6 inches.  As  soon  as 
the  concrete  in  the  walls  has  set,  the  moulds  should  be  taken 
down,  and  the  surface  rendered  with  Portland  cement  mortar 
worked  with  the  trowel,  till  it  becomes  hard  and  smooth,  and 
then  finished  with  a film  of  neat  cement  worked  to  a fine 
polish. 

If  the  ground  be  firm,  the  toe  of  the  wall,  supported  by 
the  internal  earth,  will  be  sufficient  to  sustain  the  wall 
against  external  pressure  without  strutting;  but  care  should 
be  taken  not  to  load  the  ground  outside  the  reservoir  by  the 
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prematuro  construction  of  the  embankment.  The  internal 
earth  or  dumpling  should  now  bo  removed  down  to  the  level 
of  the  toe  of  the  wall,  but  in  removing  the  earth  below  this 
level,  which  should  bo  done  piecemeal,  the  layer  of  concrete 
forming  the  floor  of  the  reservoir  should  he  at  once  substituted, 
the  thickness  of  which,  2 feet,  would  when  set  be  amplo  to 
resist  any  ordinary  external  pressure  tending  to  thrust  for- 
ward the  toe  of  the  wall. 

The  floor  having  been  laid,  the  brick  piers  for  supporting 
the  vaulted  roof  should  be  built  on  it.  These  are  1 foot  10| 
inches  square  on  plan,  and  16  feet  8 inches  from  centre  to 
centre  in  each  direction.  From  these  piers,  at  13  feet  from 
tho  floor,  spring  the  arches  which  support  the  vaulting  ; the 
arches  in  the  centre  have  a radius  of  1 1 feet  6 inches,  but  the 
two  end  arches,  which  have  a radius  of  9 feet  6 inches,  are 
brought  down,  so  that  the  thrust  of  each  row  of  arches  is 
earned  below  the  ground-line. 

The  vaulting  is  built  with  a radius  of  11  feet  6 inches, 
but  the  ends  of  the  covering  arches  are  brought  down  with 
a curve  of  12  feet  6 inches  radius,  till  they  rest  on  the  corre- 
spondingly curved  bays  of  the  concrete  end  walls  already 
described.  The  two  exterior  arches,  being  brought  down  at 
each  end  in  a similar  manner,  form  the  rounded  corners  of 
the  reservoir. 

On  the  completion  of  the  brick  work,  the  2-feet  space 
between  the  top  of  the  coucrete  wall  and  the  surface  of  the 
soil  should  be  filled  with  concrete  backing,  which  should  be 
carried  up  to  the  height  of  6 feet  above  the  ground-lino. 
The  earthwork  of  the  embankment  should  now  be  proceeded 
with,  and  the  floor  and  internal  faces  of  the  side  arches 
rendered  with  Portland  cement,  to  make  the  structure  water- 
tight. 

By  the  above  arrangement  the  thrust  of  the  roof  is 
carried  down  to  an  abutment,  resting  against  undisturbed 
ground.  The  pressure  of  the  water  is  not  only  supported 
by  the  samo  abutment,  but  it  is  also  counterbalanced  by  the 
pressure  of  the  made-earth  forming  the  embankment  which 
rests  on  the  exterior  arches  of  the  reservoir,  in  addition  to  the 
pressure  of  the  earth,  which  would  have  to  resist  the  internal 
pressure,  if  the  walls  were  vertical. 

Where  favourable  conditions  of  site  do  not  exist,  some 
modification  of  the  above  plan  will  be  necessary,  such  for 
instance,  as  the  use  of  puddle,  should  any  settlement  of  the 
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foundations  be  apprehended  which  might  cause  cracks  in  the 
structure.* 

Cross  sections  and  plans  of  other  compensating  or  service 
reservoirs  are  also  illustrated  on  the  accompanying  plates. 

Proper  position  for  settling  and  other  reser- 
voirs.— The  best  position  for  settling  tanks,  filters  and  reser- 
voirs requires  notice  ; as  a rule,  they  should  be  as  near  the 
population  to  be  supplied  as  possible ; one  reason  is  that  the 
conduit  between  the  source  of  supply  and  the  reservoir  requires 
to  be  of  such  capacity  as  will  carry  only  the  average  hourly 
supply,  whereas  all  pipes  between  the  service  reservoir  and 
the  town  must  be  of  a size  sufficient  to  discharge  the  maxi- 
mum or  double  the  average  hourly  demand.  This  position 
cannot  always  be  maintained,  owing  to  a certain  head  on 
the  pipes  through  the  town  being  necessary  and  these  works 
may  require  to  be  placed  near  the  source  or  at  some  inter- 
mediate position  between  it  and  the  town.  It  may,  in  some 
cases,  be  economical  to  place  the  settling  tanks  and  filter  beds 
near  the  source  of  supply  and  the  service  reservoir  at  an 
intermediate  point.  A study  of  the  relative  levels  of  the 
source  of  supply,  of  the  town  area,  and  of  the  intermediate 
ground  will  determine  what  the  most  economical  arrangement 
will  be.  No  rule  can  be  laid  down  on  the  matter.  The 
filters  should  be  as  near  the  site  of  the  sand  supply  as  possible. 

To  prevent  the  service  or  other  reserviors  being  filled 
above  a fixed  level,  they  should  be  furnished  with  self-closing 
valves  or  overflow  pipes  or  both ; the  former  are  desirable 
when  an  economical  use  of  water  is  a necessity.  To  maintain 
a constant  level  of  water  over  filter  beds  similar  arrange- 
ments are  desirable.  An  overflow  pipe  is  generally  connected 
to  the  scour  pipe  at  a point  beyond  the  valve  on  the  latter 
so  that  the  water  can  always  find  its  escape.  Each  of  these 
appliances  are  figured  in  the  plates  illustrating  service  reser- 
voirs and  filter  beds. 

PUMPING  MACHINERY. 

Location  of  pumps. — When  pumping  works  form  a 
portion  of  a water-supply  system,  there  are  various  positions 
m which  they  may  be  located.  The  pumps  may  be  placed 
close  to  the  source  of  supply  and  may  discharge  directly  on  to 
the  filter  beds  at  an  average  rate  during  pumping  hours,  so  that 
the  whole  supply  may  be  delivered  in  8,  12  or  24  hours  as 
arranged,  and  in  this  case  the  filter  beds  must  have  sufficient 
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area  to  filter  tho  whole  supply  in  the  selected  period,  and 
the  size  of  tho  servico  rosorvoir  must  bo  determined  accord- 
ingly. Again,  the  wator  may  he  drawn  from  a compensating 
well  or  tank  outside  the  filters  and  then  pumped  into  a 
service  reservoir,  it  is  not  a practicable  arrangement  to  draw 
directly  from  the  filters  ; or  the  pumps  may  be  placed  so  as  to 
draw  wator  from  tho  service  reservoir  and  pump  directly  into 
the  mains ; in  this  latter  case,  the  machinery  must  be  capablo 
of  pumping  the  maximum  demand  during  a portion  of  tho 
24  hours. 

Stand  pipes. — When  pumping  is  direct  into  the  mains, 
it  is  often  the  practice  to  place  an  ordinary  stand  pipo  between 
the  pumps  and  tho  mains ; where  no  high  ground  is  available 
on  which  to  place  a servico  reservoir,  a good  plan  is  to 
provide  a water  tower ; such  water  towers  may  bo  called  tank 
stand  pipes  and  are  of  great  value  as  a substitute  for  a ser- 
vice reservoir  at  a suitable  elevation  over  the  level  of  the 
town  area.  These  tank  stand  pipes  should  have  a capacity 
of  one  day ’8  supply.  An  ordinary  stand  pipe  may  be  oither 
single  or  doublo  legged.  With  engines  and  pumps  of  the 
latest  pattern,  an  ordinary  single  legged  stand  pipe  is^not  of 
much  use.  A doublo  stand  pipe  necessitates  lifting  the  water 
always  to  the  same  height,  whether  the  full  pressure  is  re- 
quired or  not,  but  this  plan  ensures  a steady  pressure  against 


Air  vessels  are  now  more  generally  used  than  ordi- 
nary stand  pipes  ; these  with  some  classes  of  pumping  engines 
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are  of  large  capacity,  with  others  such  as  the  Worthington 
pumps,  comparatively  small. 

Classification  of  other  machines  than  steam 
pumps. — There  are,  of  course,  many  other  machines  than 
steam  pumps  by  which  water  may  be  raised,  and  where  the 
population  is  small,  one  of  the  following  may  be  adopted  : — 

(1)  Ordinary  picottahs. 

(2)  Chain  pumps,  norias  or  Persian  wheels. 

(3)  Single,  double  or  triple  acting  bucket,  or  plunger 

pumps. 

(4)  Rotary  pumps. 

(5)  Pumps  driven  by  wind  mills. 

(6)  Hydra ulic  rams. 

The  ordinary  picottah,  it  is  unnecessary  to  do  more 
than  refer  to ; as  a pump,  it  has  an  extremely  high  efficiency. 

Chain  pumps  consist  of  an  endless  revolving  chain 
carrying  a series  of  discs  usually  of  iron.  They  descend  into 
the  water,  and  on  their  ascent  pass  through  a tube  carrying 
with  them  a considerable  quantity  of  water ; they  have  no 
valves,  they  are  not  easily  disarranged,  and  can  be  readily 
repaired  if  broken  ; they  can  be  arranged  for  any  depth  ; 
wrought-iron  pipes  should  be  used  for  the  tube. 

The  noria  is  one  of  the  most  simple  forms  of  water 
lift  and  extensively  used  in  India.  It  consists  of  a series  of 
buckets  fastened  -to  an  endless  chain  wound  round  a drum  by 
means  of  gearing  and  is  worked  by  hand,  bullock  or  horse 
power.  When  bullocks  are  used,  it  is  important  that  the 
gearing  be  speeded  to  suit  them  as  they  walk  much  more 
slowly  than  a horse. 

Vertical  barrel  pumps  of  various  forms  and  com- 
binations are  much  in  use.  They  are  worked  by  rods 
actuated  by  suitable  gearing  and  can  be  driven  by  hand, 
steam  or  horse  power.  The  pumps,  especially  if  placed  low 
down  in  a well  where  they  may  be  covered  by  water,  should 
be  made  of  or  lined  with  gun  metal.  For  deep  wells  three 
barrelled  pumps  are  to  bo  preferred  to  single  or  double  as  the 
flow  is  more  continuous.  The  pumps  should  be  placed  as 
near  the  water  as  possible  and  when  long  rods  for  actuating 
the  pumps  are  required  they  should  be  fixed  and  kept  in  a 
vertical  lino  by  rollers.  An  air  vessel  should  be  fixed  to  the 
rising  main  and  the  pump  provided  with  a strainer  and  foot 
valve ; a reflux  valve  on  a rising  main  is  desirable. 

Rotary  pumps. — The  rotary  pump  is  not  actuated'on 
the  same  principle  as  centrifugal  pumps,  hereafter  described, 
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though  apparently  so.  They  are  in  reality  revolving  piston 
pumps,  and  have  the  advantage  of  not  changing  the  direction 
of  the  flow  of  the  water  pumped  at  each  stroke.  They  can 
be  run  at  a high  speed.  One  of  the  best  forms  of  rotary 
pump  consists  in  its  interior  of  what  may  be  termed  a pair  of 
very  coarse  toothed  whoels  geared  into  each  other.  These  fit 
against  the  outer  casing'of  the  pump,  and,  as  they  revolve 
past  the  water  inlet,  produce  a partial  vacuum  which  is  filled 
with  water,  and  as  the  teeth  rovolve  this  water  is  swept 
beforo  them  into  the  discharge  pipe. 

Pumps  driven  by  wind-mills  can  bo  used  with 
advantage  whore  the  quantity  of  water  to  bo  lifted  is  mode- 
rate and  where  steam  power  would  be  expensive.  A double 
acting  force  pump  is  best  in  connection  with  a wind-mill ; but 
a common  lift  pump  can  be  used.  The  pump  should  bo  of 
very  ample  size  in  water-way  and  passages.  After  first 
outlay  the  cost  of  maintenance  of  a wind-mill  pump  is  very 
low.  The  wind-mill  should  be  a self-regulating  sectional 
mill  in  preference  to  a solid  wheel  mill ; it  is  more  even  in 
speed  and  in  storms  can  be  arranged  to  coil  itself  automati- 
cally and  cease  working,  whereas  a solid  wheel  mill  might  be 
blown  away  altogether.  The  speed  of  the  mill  can  be  regu- 
lated by  means  of  a governor  and,  by  means  of  a tail  sail, 
the  mill  can  be  made  to  always  head  the  wind  automatically . 

Hydraulic  rams. — The  hydraulic  ram  may  be  used, 
where  there  is  sufficient  fall,  for  raising  by  simple  means  a 
moderate  amount  of  water.  The  principle  in  which  it  works 
is  that  a larger  volume  of  water  with  a certain  fall  will, 
under  certain  conditions,  lift  a smaller  volume,  to  a higher 
level  than  its  own.  In  estimating  the  amount  of  wator  that 
can  be  raised  and  discharged,  one-seventh  of  the  amount 
used  can  be  discharged  to  a height  equal  to  five  times  the  fall, 
one-fourteenth  part  ten  times  as  high,  and  so  on  ; the  follow- 
ing table  is  useful : — 

Percentage  of  water  which  will  he  delivered  hy  a hydraulic 
ram  under  various  heads  and  to  various  elevations. 


Working 

head. 

Elevation  of  discharge  above  delivery  valve  at  ram. 

15 

18 

21 

30 

50 

60 

2 

•0724 

•0533 

•0402 

•0181 

0063 

5 

•2614 

•2068 

•1686 

•1020 

0441 

0307 

10 

•6040 

•4877 

•4058 

•2614 

1327 

1020 

15 

•9600 

•7809 

•6543 

•4303 

•2285 

1800 

20 

... 

... 

•9086 

•6040 

■3282 

•2614 
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High  or  low  falls  may  he  used  for  rams  (18  inches  to  10 
feet),  but  more  than  10  feet  head  is  not  recommended,  as  the 
wear  and  tear  on  the  ram  is  excessive.  If  any  considerable 
quantity  of  water  is  required,  say  1,500  gallons  per  hour  a 
fall  of  8 to  10  feet  is  suitable,  and  in  such  cases  two  rams 
working  into  one  delivery  pipe  should  be  used  in  place  of 
one.  Hydraulic  rams  should  be  simply  and  strongly  designed  ; 
all  valves  should  be  of  gun  metal  and  all  joints  faced.  The 
length  of  the  supply  pipe  should  be  as  short  as  possible.  The 
largest  quantity  of  water  is  delivered  by  a ram,  when  the 
working  head  is  great  and  the  delivery  head  low. 

Steam  pumping  machinery. — The  appliances  which 
have  been  described  may  be  utilized  in  connection  with 
water-supplies  to  villages  or  very  small  towns ; where  larger 
populations  are  concerned,  steam  machinery  must  be  adopted 
if  water  has  to  be  raised  by  mechanical  means.  With  steam 
pumping  machinery  especially  with  larger  water-supply  sys- 
tems any  break-down  would  mean  entire  loss  of  supply  to  the 
town,  and  it  is  therefore  of  the  greatest  importance  that  the 
machinery  should  be  perfectly  reliable. 

High-class  machinery  economical. — The  cost  of 
fuel  is  an  expensive  item  in  working  machinery  ; in  India  it 
is  especially  so.  Therefore  all  machinery  used  in  Indian 
water-supplies  should  be  of  the  highest  class,  that  is,  its 
efficiency  in  the  sense  of  raising  the  greatest  possible  quantity 
of  water  for  the  least  possible  amount  of  fuel  consumed, 
should  be  the  first  consideration.  Some  knowledge  of  the 
principles  of  pumping  machinery  is  therefore  very  desirable, 
though  the  question  of  details  may  be  left  to  the  makers.  In 
this  view  it  is  well  not  to  issue  too  elaborate  specifications, 
but  to  confine  these  to  a description  of  the  class  of  machinery 
required  for  the  amount  of  work:  to  be  done,  the  position  it 
is  to  occupy  and  the  conditions  under  which  it  is  to  work. 

The  waste  of  public  money  by  purchasing  cheap  machin- 
ery, even  in  England  is  enormous.  Such  machinery  does  not 
work  economically  and  deteriorates  rapidly,  requiring  large 
expenditure  in  fuel  and  repairs ; in  India,  as  already  pointed 
out,  inferior  machinery  would  show  still  greater  waste. 

Reserve  of  power  necessary. — It  is  desirable  at  all 
pumping  stations  for  water-supply  to  have  a reserve  of  power 
in  the  case  of  a breakdown,  and  a desirable  plan  is  to  have 
three  engines,  each  capable  of  doing  one-half  the  work.  In 
very  large  works  a greater  sub-division  should  be  adopted. 
In  small  installations  where  such  a division  would  bring  down 
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the  power  of  any  engine  below  ten  horse-power,  it  is  advisable 
to  have  two  engines  only,  each  capable  of  doing  the  whole 
work.  Economy  in  working,  in  the  case  of  larger  installations, 
is  also  thus  secured  if  pumping  is  being  done  into  the  main 
direct,  because  two  engines  will  be  working  during  the  hours 
of  maximum  demand,  and  only  one  will  be  required  during 
other  periods  ; it  is  more  economical  to  work  an  engine  up  to 
its  full  power  than  to  any  proportion  of  its  power. 

Duration  of  pumping. — When  pumping  is  into  a reser- 
voir, it  is  not  desirable  for  the  work  to  go  on  through  the  24 
hours ; this  would  require  three  sets  of  men  and  eight,  twelve 
or  sixteen  hours’  work  only  is  advisable. 

‘ Duty  ’ of  machinery.  — In  calling  for  tenders  for  en- 
gines, tenderers  ought  always  to  be  required  to  state  what  the 
‘ duty  ’ of  the  engine  tendered  for,  will  amount  to.  The  duty 
is  the  effective  work  of  a pumping  engine,  and  is  expressed  by 
the  ratio  of  the  product  in  foot  pounds  of  the  weight  of  water 
lifted  into  the  height  lifted,  to  one  cwt.  of  coal  burned.  This 
is  considering  the  work  of  the  boiler  and  the  work  of  the 
engine  as  the  work  of  one  machine,  and  is  not  strictly  correct ; 
but  it  is  probably  sufficiently  so  when  considering  tenders. 
Tenderers  however  sometimes  prefer  to  give  the  number  of 
pounds  of  steam  which  will  be  evaporated  for  each  pound  of 
fuel  used  (this  refers  to  the  boiler  only),  or  the  amount  of  steam 
required  per  indicated  horse-power  per  hour. 

The  following  is  a comparative  table  showing  the  fuel 
expenses  for  pumping  compared  on  a duty  basis  (coal  at 
Es.  20  per  ton) : — 


Duty  in  million 
of  foot  pounds. 

Number  of  million  of  gallons  daily  one  hundred 
feet  high. 

1 

2 

4 

6 

8 

10 

Cost  of  fuel  per  annum. 

RS. 

RS. 

RS. 

RS. 

RS. 

RS. 

100  

3,259 

6,518 

13,036 

19,554 

26,072 

32,590 

90  

3,621 

7,242 

14,484 

21,726 

28,968 

36,210 

80  

4,074 

8,148 

16,296 

24,444 

32,592 

40.740 

70  

4,656 

9,312 

18,624 

27,936 

37,248 

46,560 

60  

5,432 

10,864 

21,728 

32,592 

43,456 

54,320 

60  

6,518 

13,036 

26,072 

39,108 

52,144 

65,180 

40  

8,147 

16,294 

32,588 

48,882 

65,176  . 

81,470 

30  

10,863 

21,726 

43,452 

65,178 

86,904 

1,08,630 

20  

16,295 

32,590 

65,180 

97,770 

1,30,360 

1,62,950 

Note. — For  any  other  lift  than  100  feet  take  the  cost  in  proportion. 
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From  the  above  table  the  following  comparison  for  ex- 
ample may  be  made  ; if  two  millions  gallons  are  to  be  pumped 
daily  with  a 100  million  duty  engine,  it  would  cost  Es.  b,518 
per  annum  ; this  with  a 70  millions  duty  engine  would  cost 
Es.  9,312  per  annum.  If  these  sums  be  capitalized,  they 
represent  tho  financial  values  of  the  engine  as  regards  fuel. 

There  are,  however,  in  permanent  and  large  installations, 
other  factors  to  take  into  account  such  as  the  cost  of  build- 
ings, foundations,  stand  pipes. 

Let  E be  the  cost  in  rupees  of  the  pumping  station  with 
engines  and  appurtenances  and  1)  the  duty  in  millions,  then 
the  most  economic  engine  is  when  is  least,  or  otherwise 
let  °/0  be  the  rate  of  interest  at  which  the  cost  is  capitalized, 
then  the  most  economic  engine  will  be  that  with  the  least 

product  of  R ^ _i L_  v 5: 

70  x D - % x D 

The  following  is  a comparative  table  of  values  of  pumping 
engines  of  various  prime  costs  and  duties  on  the  fuel  basis  : 


C08t=  Rr. 

Duty  = D. 

R 

D 

Ratio. 

RS. 

MILLIONS. 

1,00,000 

100 

1,000 

1-00 

80,000 

75 

1,066 

1-066 

70,000  ... 

60 

1,166 

1-166 

50,000  ... 

40 

1,150 

1150 

30,000  . . . 

20 

1,500 

1-500 

From  the  above  table  it  will  be  ascertained  that  the 
Es.  30,000  engine  will  be  the  most  costly,  and  cost  50  per 
cent,  more  per  annum  than  the  engine  costing  Es.  1,00,000. 
It  may  be  however  that  the  Rs.  80,000  engine  is  of  less  com- 
plicated design,  and  requires  less  skilled  attendance,  and  the 
difference  in  annual  cost  being  only  6 per  cent. ; its  adoption 
for  these  reasons  should  be  considered. 

Fuel  used  in  relation  to  horse-power. — Though  the 
measuro  of  ‘ duty  ’ is  suitable  for  estimating  the  work  done  by 
pumping  engines,  it  is  not  convenient  for  other  purposes  and 
it  has  become  the  practice  to  estimate  the  performance  of  an 
engine  by  ascertaining  the  number  of  pounds  of  coal  burnt  per 
hour  for  each  horse-power  at  which  an  engine  is  working.  It  is 
a common  performance  with  large  * steam  engines  to  burn  4 lb. 
of  coal  per  indicated  horse-power  per  hour,  and  the  duty  ’ of 
such  an  engine  would  be  deduced  as  follows  : — Let  the  duty  be 


# Above  50  horse-power. 
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estimated  by  burning  112  lb.  coal,  60  x 33,000=  foot  lbs.  por 

horse-power  per  hour.  Then  112X6°4X  33,000  = 55,440,000  = 
duty  of  engine. 

Consumption  of  fuel. — There  has  been  great  progress 
made  in  economy  of  fuel  by  successive  improvements  in  steam 
engines.  Tho  average  consumption  in  1863  for  the  best 
marine  enginos  was  41  lb.  per  indicated  horse-power  por 
hour,  in  1872  it  was  2T1  lb.  But  even  2|  lb.  of  coal  por 
horse-powor  per  hour  in  pumping  engines  is  a very  econom- 
ical performance  especially  if  the  load  against  the  engino  is 
at  all  variable. 

Tho  following  table  shows  tho  duties  corresponding  to 
various  amounts  of  coal  per  horse-power  per  hour : — 


Pounds  of  coal 
per  horse  power 
per  hour. 

Duty,  millions  of 
foot  pounds. 

60  

3694 

50  

44-35 

40  

55-44 

35  

63-36 

30  

73-92 

2*5 

88-70 

20  

110-88 

Consumption  under  steady  loads. — From  the  most 
favourable  results  which  can  bo  regarded  as  not  exceptional, 
it  appears  that,  in  the  best  trials  of  engines  of  50  horse-power 
and  over  with  constant  and  full  load,  the  expenditure  in  coal 
or  wood  (heat  value  of  wood  to  coal  as  1 to  4)  and  steam  is 
about  as  follows  : — - 


# Per  indicated  horse- 

* Per  effective  horse- 

power  per  hour. 

power  per  hour. 

Coal. 

Wood. 

Steam . 

Coal. 

Wood. 

Steam. 

LB. 

LB. 

LB. 

LB. 

LB. 

LB. 

Non-condensing 
engines  ... 
Condensing  engines. 

2-20 

8-80 

20-00 

2-44 

9-76 

22-0 

1-50 

6-00 

13-50 

1-76+ 

7-00 

15-8 

* See  page  324  seq. 

f Note. — A condensing  engine  of  8 to  10  horse-power  will  require  as 
much  as  9 lb.  of  good  coal. 
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Consumption  with  varying  loads. — It  is  much  more 

difficult  to  determine  the  quantity  of  coal  used  by  engines  in 
daily  and  variable  work,  but  the  following  table  shows  the 
variation  of  steam  consumption  with  full,  half,  quarter  and 
one-eighth  loads : — 


Steam  consumption  in  pounds 

per  hour. 

Indicated  horse-power  and 
loads. 

Non-condensing. 

Condens- 

ing. 

Compound. 

Triple. 

• 

Triple. 

Full  (100)  

21-5 

18-2 

149 

Half  (50)  

267 

22  7 

16-0 

Quarter  (25)  ... 

•37-2 

31  7 

182 

One-eighth  (12|) 

58-2 

49-8 

22  7 

Classification  of  machinery  used  for  water- 
supply. — The  machinery  most  commonly  used  for  water- 
supply  includes 

Beam  engines  (rotative). 

Horizontal  and  vertical  rotative  engines. 

Direct  acting  steam  pumps  horizontal  or  vertical. 

The  engines  may  be  condensing,  or  non-condensing,  high 
pressure  compound,  triple  or  quadruple  expansion.  The  most 
economical  engine  with  reference  to  the  cost  of  fuel  alone  is  a 
condensing  engine  with  triple  or  quadruple  expansion. 

Beam  engines. — The  ease  and  smoothness  of  action  of  a 
beam  engine  render  it  most  enduring,  and  where  an  engine  is 
required  for  unchanging  and  moderate  work  at  a moderate 
speed  such  as  in  water  pumping  to  a town,  many  engineers 
still  prefer  the  beam  engine  notwithstanding  its  excessive  cost 
as  compared  with  other  types. 

With  beam  engines  the  pumps  work  directly  from  the 
beam;  with  horizontal  engines  either  by  the  piston  rod 
extended  or  by  a rocking  shaft,  when  the  pumps  have  to  be 
below  floor  level,  or  by  a belt  if  pumps  of  the  centrifugal 
class  are  used. 

Horizontal  engines. — The  horizontal  class  of  engine  is 
undoubtedly  the  cheapest ; it  lies  low  and  steadily  on  a level 
foundation  easily  constructed ; it  requires  less  head  room,  but 
more  floor  space  in  comparison  to  a beam  engine. 
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The  direct  acting  steam  pump  is  the  most  modem 
type  of  pumping  machinery.  In  this  class  of  machine  the 
pump  and  steam  cylinder  are  placed  close  together  in  a line  on 
one  bed  plate  or  if  vertical  below  one  another,  the  piston  rod 
from  the  cylinder  being  continued  into  the  pump.  Duplex 
steam  pumps  have  two  steam  pumps  placed  side  by  side,  both 
controlled  through  the  medium  of  flat  side  valves  as  used  in 
a steam  engine.  These  pumps  have  no  dead  centres,  and  as 
each  piston  is  made  to  pause  at  the  end  of  its  stroke,  and  the 
plunger  of  one  pump  commences  its  stroke  before  the  other 
finishes,  ample  timo  is  allowed  for  the  water  valves  to  properly 
seat  themselves.  Any  dead  point  is  avoided  by  mechanically 
actuating  each  steam  valve  from  the  piston  rod  of  the  opposite 
cylinder,  consequently  the  pumps  can  start  from  any  point  of 
the  stroke  and  deliver  a steady  flow  of  water.  The  engines 
actuating  these  pumps  are  now  made  triple  expansion  and 
condensing,  so  that  great  economy  in  fuel  is  secured. 

Classification  of  pumps. — The  pumps  used  in  connec- 
tion with  beam  and  rotative  engines  for  w'ater-supplies  may 
bo  lift,  force,  or  pressure  pumps,  all  of  which  have  a bucket 
or  plunger  with  a reciprocating  motion,  or  with  the  latter 
class  of  engine,  centrifugal  pumps. 

Lift  pumps. — The  lift  pump  is  that  generally  employed 
for  raising  water  from  wells  ; it  has  as  a feature  a hollow 
bucket  through  w'hich  the  water,  after  it  has  been  forced  up 
by  the  atmosphere  during  the  forward  state,  passes  as  the 
bucket  returns.  Sometimes  a forcing  plunger  is  combined 
with  a lifting  bucket. 

Force  pumps. — Force  pumps  have  a solid  bucket  or 
plunger  or  piston  which  works  in  a barrel  furnished  with 
inlet  and  outlet  valves,  the  water  flowing  through  the  inlet 
valve  into  the  barrel  as  the  plunger  leaves  a vacuum  behind  it. 
These  pumps  may  be  double  or  single  acting.  Bucket  and 
plunger  pumps  are  those  in  which  a forcing  plunger  is  fixed 
above  the  bucket  on  the  same  rod,  so  that  while  there  is  only 
a single  action  suction  there  is  a double  forcing  or  delivery. 

Centrifugal  pumps. — This  is  a class  of  pump  differ- 
ing much  from  any  of  those  just  described.  Pumping  is 
performed  by  a rotating  disc  with  radiating  blades  (bent 
to  an  effective  curve)  working  inside  a casing  at  a high  speed. 
The  high  speed  causes  a vacuum  and  the  water  follows  by 
pressure  of  the  atmosphere  to  be  once  more  displaced  and 
thus  passed  into  the  delivery  pipes.  These  pumps  are  suit- 
able where  large  quantities  of  water  have  to  be  dealt  with  in 
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a short  time  and  where  the  lift  is  comparatively  low ; they 
can  be  made  to  lift  and  force  a total  of  80  or  100  * feet  or 
more ; a lift  of  20  feet  is  probably  that  below  which  they 
are  most  economical.  The  manufacture  of  such  pumps  is 
in  few  hands  as  they  demand  the  application  of  principles 
arrived  at  only  after  long,  steady  and  careful  experiment. 
These  pumps  may  bo  driven  by  any  rotative  engine  or  through 
gearing  or  by  an  engine  whose  crank  shaft  is  an  exten- 
sion of  the  pump  spindle.  Well-made  centrifugal  pumps 
under  effective  conditions  give  an  efficiency  which  is  often  as 
high  as  seventy  per  cent.  The  quantity  of  water  delivered 
by  centrifugal  pumps  of  various  sizes  and  various  lifts  will 
be  found  in  a table  in  the  appendix. 

Pulsometer  pumps. — Another  class  of  pump  is  the 
pulsometor  class.  This  class  consists  of  two  chambers,  steam 
being  admitted  to  one  of  them  forces  up  the  water  within  it. 
The  steam  becoming  condensed  forms  a vacuum  into  which 
the  water  from  below  ascends,  while  the  upward  forcing 
process  is  being  performed  in  the  second  chamber  and  thus 
by  a succession  of  pulsations  pumping  is  continuous.  These 
pumps  are  useful  for  temporary  purposes,  as  they  can  be 
slung  by  a chain  down  a well  and  they  will  pump  very  thick 
and  impure  liquids.  They  cannot  lift  more  than  25  feet,  but, 
with  high  steam  pressure,  can  force  a considerable  height. 
They  however  consume  a large  quantity  of  fuel  in  proportion 
to  the  work  done. 

Boilers. — Tho  boilers  used  with  stationary  engines  may 
be  Cornish,  Lancashire  or  multitubular  boilers.  The  two 
former  are  cylindrical  boilers  usually  with  flat  ends  ; the 
Cornish  is  furnished  with  one  flue  and  the  Lancashire  with 
two.  Tho  boilers  are  covered  with  brickwork  in  which  flues 
are  placed,  so  that  the  flames  and  heat  passing  out  of  the 
tubes  are  taken  along  the  outside  of  the  boiler  and  thence 
to  the  chimney. 

Multitubular  boilers  are  either  horizontal  or  vertical ; 
in  such  boilers  there  aro,  instead  of  one  or  two  tubes,  many 
of  small  diameter,  and  stoam  can  be  produced  very  rapidly. 
A great  reduction  in  size  is,  therefore,  possible  and  no  brick- 
work or  sotting  is  required.  The  multitubular  boiler  is  often 
of  the  locomotive  shape  for  which  it  was  first  designed. 
Whether  Cornish  or  Lancashire  or  multitubular  boilers  are 
best  for  stationary  engines  is  a debatable  question ; the  sizes 


* Messrs.  J.  & H.  Gwynne  state  that  they  are  now  making  pumps 
(series  centrifugal)  which  lift  economically  over  300  feet. 
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of  the  latter  are  limited ; they  are  also  more  expensive,  but 
the  tendency  is  towards  a very  high  pressure  steam  and  quick 
speed  engines,  and  it  is  somotimes  difficult  with  a Cornish 
boiler  unloss  it  be  made  of  excessive  size  to  maintain  a 
sufficient  supply  of  steam.  These  opposing  conditions  have 
led  to  the  construction  of  a hybrid  class  of  Cornish  boilor 
furnished  with  cross  tubes. 

Tubular  boilers. — A boiler  composed  entirely  of  tubes 
is  a new  class  of  boiler  finding  much  favour.  The  tubes  are 
suspended  in  frames  and  lie  at  an  angle  from  the  horizontal ; 
these  tubes  aro  over  the  fire  and  through  them  the  water 
circulates  and  the  steam  is  passed  finally  to  a horizontal  tube 
of  larger  size  whence  the  steam  is  taken  to  the  engine.  These 
boilers  heat  water  very  quickly,  they  are  very  portable,  easily 
taken  to  pieces  and  free  from  dangerous  explosion,  since  the 
bursting  of  one  tube  would  cause  inconvenience  only  and  not 
disaster.  The  chief  objection  to  them  is  that  their  numerous 
joints  allow  more  leakage  than  in  other  forms. 

Selecting  and  ordering  machinery. — The  following 
points  require  consideration  by  those  who  are  selecting  or 
ordering  steam  machinery,  boilers  and  pumps.  In  permanent 
installations  (1)  the  floor  spaco  available  and  whether 
horizontal  or  vortical  engines  can  be  used  ; (2)  the  weight  of 
the  engine  or  its  largest  part  with  reference  to  landing  and 
transport  facilities;  (3)  whether  great  simplicity  of  design 
is  desirable  or  whether  for  more  complex  machinery  skilled 
workmen  would  bo  available  and  greater  economy  in  fuel 
possible.  When  the  installation  is  not  permanent,  porfoct 
portability  of  the  engine  and  boiler  and  pump  is  a necessity. 

When  these  points  have  been  considered,  the  following 
information  should  bo  given  when  calling  for  tenders ; — 

(1)  The  purpose  for  which  the  engine  is  required  and 
whether  for  permanent  or  temporary  use. 

(2)  The  power  required  or  work  to  be  done  or  such 
information  as  will  allow  these  to  be  calculated.  In  giving 
the  height  to  which  water  has  to  bo  raised  above  the  engine 
floor  level,  all  losses  of  head  due  to  friction  in  mains,  bends, 
&c.,  must  be  considered  and  the  total  lift  including  all  these 
and  other  losses  except  those  duo  to  the  engines  and  pumps 
themselves  must  be  given. 

(3)  The  class  of  engine  and  boiler  found  most  suited  to 
the  country. 

(4)  The  space  available  for  engine  and  boiler,  its  level  as 
compared  with  the  minimum  level  of  the  water-supply,  and 
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the  maximum  height  to  which  the  water  has  to  be  raised.  A 
plan  and  section  of  the  building  in  which  the  engine  is  to  be 
erected  should  be  furnished  with  a description  thereof. 

(5)  The  kind  of  fuel  available,  its  quality  as  compared 
with  some  standard  English  coal  ( see  appendix). 

(6)  The  water  available  for  boiler  and  condenser,  and 
the  height  or  pressure  at  which  it  will  be  delivered. 

(7)  The  .class  of  workmen  available  for  erecting  the 
machinery  ; import  duties,  railway  and  other  charges  between 
port  of  landing  and  point  of  erection. 

(8)  The  facilities  available  for  making  repairs. 

Engineers  usually  are  able  to  specify  some  particular  type 
of  engine,  and  whether  it  is  to  be  horizontal  or  vertical, 
expansive,  condensing  or  non-condensing,  &c.,  and  it  is  usual, 
as  before  stated,  to  require  that  the  boilers  shall  give  out  at 
certain  duty,  or  that  the  engine  shall  develop  so  many  horse- 
power for  each  pound  of  fuel  burnt  per  hour  as  a maximum. 

Horse-power.  — The  word  horse-power  is  very  often 
qualified  by  the  words  ‘Nominal/  ‘Indicated/  ‘Effective/ 
&c.  The  standard  horse-power  of  Watt  is  33,000  foot  lb. 
or  33,000  lb.  lifted  one  foot  in  one  minute.  Watt  based 
his  engine  power  on  a pressure  of  7 lb.  per  square  inch  and 
a piston  speed  of  160  feet  a minute,  but  with  increased 
pressures  and  greater  velocities  engines  made  of  similar 
dimensions  give  out  much  greater  power,  so  that  2 to  1 and 
even  up  to  6 to  1 are  proportions  between  actual  and  nominal. 
The  word  ‘ Nominal  ’ is  still  used  in  mercantile  transactions, 
and  for  non-condensing  engines  an  8-inch  cylinder  or  a 
cylinder  of  64  circular  inches  will  be  provided  for  a 6 horse- 
power engine,  a 10-inch  for  a 10  horse-power  and  a 12-inch 
for  a 14  horse-power. 

Indicated  horse-power.  — The  ‘Indicated’  horse- 
power of  an  engine  is  found  by  an  instrument  called  an 
‘ Indicator  ’ which  gives  a diagram  of  the  steam  pressure  in 
the  cylinder  at  each  point  of  the  stroke.  By  this  instrument 
the  moan  pressuro  is  calculated  and  the  mean  pressure  exerted 
multiplied  by  the  area  of  the  cylinder  into  the  distance  in 
feet  travelled  gives  the  ‘ Indicated 3 horse-power. 

Effective  horse-power. — From  the  indicated  horse- 
power has  to  be  deducted  the  losses  due  to  the  friction  in  the 
engine  itself  and  pumps  in  connection  with  it,  and  the  balance 
is  called  the  ‘ Effective 3 horse-power.  These  losses  in  an 
engine  itself  amount  to  from  one-half  to  one-quarter  of  the 


1I0RSE  POWERS. 


325 


indicated  horse-power.  The  effective  horso-power  is  the  real 
gauge  of  the  value  of  an  engine. 

I1  or  an  installation  including  pumps,  iSlc.,  tho  allowances 
hereafter  given  aro  advisable  when  machinery  is  ordered  on 
tho  basis  of  horse-power. 

Calculation  of  horse-power. — If  it  is  necessary  to 
specify  what  horso-power  an  engine  must  develop,  a calcula- 
tion for  tho  indicated  horse-power  required  must  bo  made  on 
a basis  somewhat  as  follows Find  the  total  lift ; this  equals 
the  distanco  from  lowost  lovol  of  the  water  to  tho  lovel  of  the 
pipe  plus  a height  above ; this  height  equals  tho  head  re- 
quired to  deliver  tho  maximum  supply  of  water  through  the 
main,  in  fact  the  height  up  to  the  lovel  of  tho  hydraulic 
gradient  at  tho  pumping  station.*  The  effective  horso-power 
required  will  be 

G x 10  lb.  X h 
33000 

when  G = the  number  of  gallons  lifted, 

10  lb.  = weight  of  a gallon, 

h = total  lift  as  above  described. 

For  enginos  less  than  12  horse-power  it  is  woll  to  add  50 
per  cent,  to  this  power ; 

For  engines  from  12  to  20  horse-power  add  33  per  cent, 
to  this  powrer  ; and 

For  engines  over  that  horse-power  add  25  per  cent,  to 
this  power ; 

Those  quantities  added  will  givo  about  tho  indicated  horse- 
power required,  and  tho  engino  should  give  out  more  than 
tho  effective  horse-power  as  calculated  by  tho  formula. 

Suction  pipes. — A word  or  two  is  necessary  in  regard 
to  suction  pipos.  Theoretically  a pump  can  lift  or  rather  tho 
atmosphere  will  balance  a column  of  water  34  feet  high,  but 
in  practice  very  much  less  owing  to  imperfect  vacuum. 
With  very  perfect  construction  and  care,  pumps  may  bo  made 
to  draw  26  to  28  feet,  but  it  is  always  advisable  to  placo 
the  pump  as  near  the  water  level  as  possible  and  not  more  in 


* If  the  total  horse-power  required  is  divided  among  two  engines,  so 
that  one  engino  can  deliver  the  quantity  required  during  the  hours  of 
lesser  consumption,  say,  one-half  the  maximum  only,  that  engine  will  not 
be  called  on  for  its  full  power,  as  the  hydraulic  gradient  will  be  lowered 
with  the  diminished  supply,  but  two  engines  equal  to  twice  this  actual 
power  required  would  be  insufficient,  as  they  have  when  working  together 
to  pump  up  to  the  level  of  the  hydraulic  gradient  due  to  the  maximum 
demand. 

T t 
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any  case  than  25  feet  above  it,  that'  is,  measured  to  the 
highest  point  of  tlio  pump  barrel.  Tho  actual  length  of 
suction  main  is  not  of  so  much  importance,  but  long  suctions 
are  to  bo  avoided  if  possible,  as  they  increaso  the  amount 
of  water  to  be  set  in  motion  and  stopped  at  every  stroke  unless 
the  flow  is  perfectly  continuous.  A direct  acting  vertical 
engine  therefore  has  one  great  advantage  over  a horizontal 
ono,  because  the  pump  can  be  placed  at  any  depth  below 
the  pump  floor. 

The  cost  of  steam-power  in  any  place  can  bo  deter- 
mined only  by  careful  estimates  with  reference  to  local  con- 
ditions ; the  cost  of  fuel,  facilities  for  obtaining  water,  the 
cost  of  labour,  &c.,  the  type  of  engines  and  buildings  are 
more  or  less  varied  in  each  particular  case.  Further,  as  already 
pointed  out,  the  regularity  of  load  on  tho  engine  materially 
affects  the  cost  of  working.  "With  engines  and  boilers  of  100 
horse-power  and  over,  the  cost  per  horse-power  does  not  vary 
much ; with  engines  of  less  power,  it  rapidly  increases  as  the 
power  decreases. 

The  following  table  is  from  Unwin  and  is  an  estimate 
of  cost  of  ordinary  engines  and  boilers,  pipes  and  auxiliary 
apparatus  such  as  are  absolutely  necessary  : — 


Cost  of 'Steam  Plant. 


Indicated  horso-power 

• a a 

1 

10 

50 

200 

Effective  horse-power 

• • » 

07 

7-5 

40 

165 

Cost  per  indicated  horse-power  in 

£ 

56 

30 

24 

20 

Cose  per  effective  horse-power  in 

£ 

80 

40 

30 

25 

To  tlieso  prices,  tho  cost  of  freight  and  transport  charges 
must  be  added  to  obtain  tho  price  in  India. 

The  cost  in  India  of  Worthington  Triple  Expansion  con- 
densing ongincs  and  pumps  with  all  necessary  boilers,  steam 
piping  and  connections,  wasto  pipes  and  erection,  &c.,  is  about 
as  follows  : — 


Effective  horse-power. 

30 

25 

20 

15 

10 

5 

22l 

Cost  per  horse-power, 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

horizontal 

48 

55 

65 

75 

100 

130 

170 

Cost  per  liorse-power, 

Vertical 

51 

58 

70 

80 

110 

140 

180 
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The  cost  must  bo  calculated  with  reference  to  the  size  of 
the  individual  engines  and  not  with  reference  to  tho  total 
horse-power  thus  : — 

Supposo  the  total  required  is  30  horso-powor  and  that 
threo  horizontal  engines  of  10  liorso-powcr  aro  desirable, 
these  will  cost  3 x 10  x £100,  or  £3,000,  or  two  engines 
of  15  horse-power  will  cost  2 x 15  x £75,  or  £2,250. 


Coal  consumption. — The  following  is  an  estimate  of 
tho  coal  required  for  actual  working,  including  wasto  duo  to 
lighting  up,  cooling,  working  auxiliary  pump3,  &c. : — 


! Indicated  horse-power 

1 

10 

20 

50 

200 

Effective  horso-power 

07 

7-5 

18 

40 

165 

Coal  per  indicated  horse-power  per 

hour  ...  ...  ...  lb. 

8 

Of 

4 

2f 

2 

Coal  per  effective  horse-power  per 

hour  ...  ...  ...  lb. 

Hi 

9 

5 

3i 

21 

Labour  and  stores. — In  England  5s.  per  effective 
horse-power  per  annum  is  allow'ed  for  petty  stores  for  moder- 
ately largo  engines  (above  10  horso-pow*er)  and  for  labour 
of  driving  and  stroking  £1-2-0  per  effective  horso-powor  for 
3,000  hours,  (for  engines  below  10  horse-power,  these  rates  aro 
higher) . 

The  following  aro  from  actuals  in  the  author’s  practice  : — 


Madura. 

Tanjore. 

Description  of  engines 

Worthington  triple 
expansion,  hori- 
zontal. 

Worthington  triple 
expansion,  vortical. 

Number  of  engines 

3 

3 

Indicated  horse-power 

20-84 

202 

Effective  horse-power 

1728 

17-57 

Number  of  boilers 

3 

3 

Class  of  boilers 

Locomotive. 

Babcock  and  Wilcox. 

Cost  of  engines  and  boilers  ... 

£3,510 

£3,788 

Cost  of  buildings 

Cost  of  engines  and  boilers 

Rs.  36,710 

Rs.  35,650 

per  indicated  horse-power  . . 
Cost  of  buildings  per  indicated 

£168-42 

£ 187-52 

horse-power 

Rs.  1,761-51 

Rs.  1,764-85 

Cost  of  staff  per  month 
Cost  of  fuel,  stores,  <&c.,  per 

„ 259 

„ 267 

month 

Cost  of  staff  per  indicated 

„ 258-6 

„ 353-1 

horse -power  per  month 
Cost  of  staff  per  effective  horse- 

„ 12-42 

„ 13-22 

power  per  month 

„ 14-99 

„ 1519 
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In  arranging  engines  for  water-supply  works,  it  is  to  be 
remembered  that  tho  work  to  be  done  by  an  engine  must 
always  be  considered  in  relation  to  the  special  circumstances 
of  each  case.  It  does  not  follow  that,  because  the  lift  and 
quantity,  to  bo  pumped  per  diem  are  the  same,  the  engines 
must  bo  of  the  same  liorse-power.  For  instance,  the  machi- 
nery in  one  case  may  be  required  to  pump  into  a service 
reservoir  from  which  the  town  is  supplied  and  may  then  pump 
the  water  in  24  hours,  16  or  12  hours  as  decided,  and  it  is 
often  advisable  to  do  this  to  avoid  men  working  at  night. 
Where  tho  pumping  is  done  directly  into  tho  mains,  the 
engine  must  be  such  that  at  least  double  the  average  quantity 
required  per  head  can  be  pumped  or  one-half  the  demand 
in  six  hours. 

The  following  plates  illustrate  the  various  classes  of 
engines  and  pumps  spoken  of  : — 

(1)  Beam  engine. 

(2)  Horizontal  condensing  engine  (rotative). 

(3  & 4)  Direct  acting  triple  expansion  engines  and 
pumps. 

(5)  Portable  engine. 

(6)  Pulsometer. 

DETERMINATION  OF  SIZES  OF  MAINS  AND  BRANCHES. 

The  necessity  for  determining  and  proportioning  carefully 
the  sizes  of  mains  is  not  one  that  has,  until  very  late  years, 
been  impressed  on  engineers  generally.  It  is  a"  troublesome 
problem,  but  it  is  of  no  less  importance  than  the  design  of 
any  other  portion  of  a water-works  system. 

Systems  of  supply.— In  England  and  other  countries 
there  are  two  systems  of  supply,  tho  constant  and  intermit- 
tent; in  the  latter  system  the  water  is  delivered  to  the 
consumer  between  certain  hours  only.  Ho  is  thus  obliged 
to  storo  it,  and  as  storage  is  seldom  effected  under  very 
sanitary  conditions,  the  system  is  far  from  a desirable  one. 
Its  disadvantages  in  addition  to  the  above  are  many.  The 
system  is  one  that  does  not  find  place  in  modern  systems  of 
supply,  so  that  further  remarks  regarding  it  are  unnecessary. 

Constant  system, — Under  the  constant  system,  water 
is  available  to  the  consumer  during  tho  whole”  twentv-four 
hours,  the  water  for  all  purposes  (except  for  water  closets) 
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being:  drawn  direct  from  the  pipos.  In  India  where  the 
pumps  discharge  directly  into  the  mains,  the  demand  after 
8 p.m.  to  5 a.m.  is  sometimes  too  small  to  warrant  pumping 
being  continued  during  theso  hours,  and  where  there  is  a 
long  and  largo  main  outside  tho  town  falling  towards  it  and 
holding  a considerable  supply  of  water,  thero  is  not  much 
objection  to  this  plan ; otherwise  it  is  bettor  to  keep  tho 
pumps  working,  or  foul  air,  &e.,  may  be  drawn  into  tho 
pipes. 

Variation  of  demand. — When  proportioning  mains,  a 
point  to  bo  considered  is  tho  average  quantity  of  water  to  bo 
carried.  Whatever  quantity  is  decided  upon  as  tho  supply 
per  head  (and  tho  total  quantity  should  allow  for  an  increaso 
in  population),  tho  mains  must  bo  designed  to  carry  a multi plo 
of  that  amount  determined  with  reference  to  the  fact  that 
the  water  is  not  used  at  an  average  rate  throughout  the  day, 
and  that  usually  the  greater  proportion  of  the  water  is  used 
in  six  hours. 

Tho  following  table  shows  the  variation  in  the  daily  supply 
the  result  of  an  experiment  at  Wolverhampton  : — 


Time. 

Percentage 
of  gross 
consumption. 

Time  which 
would  be 
occupied  in 
delivering  gross 
consumption. 

HOURS. 

Between  6 and  7 a.m.  ... 

3735 

26-77 

>>  7 >,  8 ,,  ... 

5-209 

1919 

,>  8 ,,  9 , ... 

6T92 

16-14 

„ 9 „ 10  „ 

6438 

15-53 

„ 10  „ 11  „ 

7-076 

1413 

„ 11  „ 12  „ 

7-764 

12-88 

„ 12  „ 1 P.M 

5-995 

16-68 

,,  1 ,)  2 ,,  ...  ...  ... 

5946 

16-82 

,,  2 ,,  3 ,, 

6-388 

15-64 

7-862 

12-72 

5-209 

1919 

5 „ 6 

6290 

15-90 

3685 

2713 

7 „ 8 „ 

5012 

2000 

8 .,  9 „ .'. 

3-047 

32-81 

„ 9 P.M.  6 A.M.  ...  

14-152 

68-26 

» 

100-000 

It  has  been  the  practioe  in  the  author’s  department  to 
oonsider  that  one-half  the  total  supply  is  used  between  6 a.m. 
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and  9 a.m.  and  3 p.m.  and  6 p.m.  or  in  six  hours ; some  engi- 
neers consider  eight  hours  as  applicable  to  Indian  conditions. 
It  is,  however,  believed  that  the  higher  figure  of  demand  is  the 
one  which  should  be  adopted  especially  in  pumping  schemes, 
because  if  the  demand  is  less  than  anticipated,  the  cost  of 
pumping  will  be  much  reduced ; whereas,  if  an  error  is  made 
in  the  other  direction,  the  cost  of  pumping  is  very  much 
increased  and  as  this  charge  is  a continuous  one,  the  error 
may  turn  out  to  be  very  expensive. 

The  amount  of  water  required  by  the  population  of  towns 
varies  considerably  in  one  town  from  another.  For  England, 
the  following  is  a detail  of  the  daily  amount  required  for 
all  purposes  : — 

GALLONS. 


Domestic  supply  (without  baths  or  closets)  . . 12 

Baths  . . . . . . . . . . . . 4 

Water  closets  . . . . . . . . . . 6 

Unavoidable  waste  . . . . . . . . 8 

25 

Town  and  trade  purposes  , . . . . . 5 

Exceptional  manufacturing  town  extra  . . 5 

Total  . . 35 


The  average  for  London  and  other  towns  in  Britain  is  as 
follows  : — 

GALLONS. 


London  . . . . . . . . . . . . 29 

Liverpool  . . . . . . . , , , 23 

Manchester  . . . . . , . , . . 20 

Edinburgh  . . . . . . . , . . 40 

Glasgow  . . . . . . . . . , 50 

Dublin  . . . . . . . . . . . . 35 


The  average  supply  to  46  English  towns  in  1888  was  25 
gallons  per  head,  20  gallons  being  for  domestic  purposes. 

Quantity  of  water  required.— The  following  table, 
partially  extracted  from  Indian  Engineering , shows  the 
amount  of  water  supplied  per  head  in  Indian  towns  ; that 
amount  in  many  towns  bears  a very  small  proportion  to  what 
is  used  in  England.  The  author,  however,  is  inclined  to 
think  that,  though  allowing  for  waste  the  amounts  do  not 
generally  exceed  9 to  10  gallons  per  head,  these  figures  are 
due  (1)  to  imperfect  distribution,  (2)  to  a continued  use  of 
wells  from  which  supplies  had  been  obtained  previous  to  the 
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introduction  of  a pipe  supply,  (3)  to  prejudices  against  tho 
use  of  pipe  water ; whore  manufactories  do  not  exist  in  a 
town  and  when  the  water-supply  is  not  available  inside  each 
house,  no  doubt  tho  demand  will  bo  less  than  in  England  ; 
but  if  tho  larger  towns  in  India  aro  turned  to,  it  is  found 
that  the  averago  demand  per  head  is  rapidly  approaching 
English  figures.  Fifteen  gallons  per  head  (allowing  for  an 
increase  of  population)  is  then  none  too  ample  a supply  and 
if  this  quantity  bo  decided  on  for  a town,  30  gallons  por  head 
por  diom  is  the  quantity  the  mains  must  be  proportioned 
to  carry.  An  amount  for  fire  extinction  is  in  many  coun- 
trios added  to  this,  so  that  sufficient  water  may  bo  always 
availablo  for  fire  hose.  This,  in  India,  is  hardly  necessary, 
and  tho  only  point  to  bo  noticed  in  regard  to  it  is  that  no 
main  should  bo  laid  in  any  street  to  which  a hydrant  cannot 
bo  affixed  ; this  fixes  tho  minimum  size  of  main  at  3 inches 
diameter. 


Consumption  of  Water  per  capita  in  Indian  Towns. 
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In  Indian  water-supply  schemes,  especially  in  canton- 
ments, certain  pipes  convey  water  to  Cavalry  lines,  Sic.  The 
following  arc  the  minimum  quantities  which  should  ho 
allowed  for : — 


GALLONS 
PKR  DIEM. 

Elephants 
Camels 
Oxen 
Horses 

Mules  and  ponies 

In  the  Madras  Presidency,  the  author's  endeavour  has 
been  to  make  provision,  if  possible,  for  a supply  of  15  gallons 
per  head  per  diem  to  up-country  towns ; this  has  been  found 
to  be  ample  and  for  very  small  towns,  perhaps,  a ten-gallon 
supply  would  be  sufficient ; where  towns  are  unsewered,  it  is 
well  at  any  rate  in  the  first  instance  to  limit  the  supplies  ; 
sewered  towns  and  towns  with  trades  requiring  water  for 
manufacturing  purposes  necessarily  will  require  a more  ample 
supply,  and  it  is  always  necessary  to  design  works  in  view  to 
a considerable  increase  in  population. 

Distribution  systems. — There  are  two  systems  of  dis- 
tribution which  are  applicable  to  India,  the  ‘ Dead-end  ’ and 
the  ‘ Grid-iron  ’ systems.  The  systems  may  be  illustrated  as 
shown  on  the  following  page. 

The  two  systems  may  be  combined. 

‘ Dead-end’  system.— It  will  be  observed  that  in  the 
* Dead-end  ’ system,  the  water,  once  it  has  loft  the  main, 
cannot  return  again,  and,  if  not  drawn  off,  the  water  must  re- 
main stagnant  in  the  pipes.  When  such  a system  is  adopted, 
(but  in  India,  its  use  should  be  limited  as  far  as  possible), 
the  dead-ends  should  be  provided  with  hydrants  or  scour 
valves.  The  system  is  one  that  lends  itself  to  an  easy  deter- 
mination of  the  proper  sizes  of  the  pipes  and  a lesser  number 
of  sluice  valves  are  required  than  in  4 Grid-iron  ’ system  ; but 
there  is  this  disadvantage  that  the  water  is  supplied  from  one 
direction  only,  and  that  therefore  when  anything  goes  wrong 
on  the  branch  pipe,  the  whole  population  supplied  by  that 
branch  may  have  to  be  temporarily  deprived  of  their  supply. 

‘ Grid-iron  ’ system. — With  the  ‘ Grid-iron  ’ system, 
water  can  always  be  supplied  from  at  least  two  directions 
and  a full  supply  can  be  given  if  the  pipes  are  proportioned 
in  that  view. 
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Combined  system. — Tho  author,  however,  believes  that 
except  in  the  largest  towns  in  India,  it  is  sufficient  to  have  a 
modified  system  or  a combination  of  the  two  foregoing  deter- 
mining the  sizes  of  the  mains  under  the  condition  of  water 
flowing  from  one  side  only,  but  connecting  the  ends  of  all  pipes 
together  by  pipes  not  less  than  3 inches  in  diameter,  so  that 
stagnation  is  avoided  and  a partial  supply  at  any  rate  alwavs 
available.  Such  a system  requires  a larger  number  of  valves 
than  in  the  dead  end  system,  unless  very  extensive  districts 
are  to  be  shut  off  fiom  supply  during  any  burst,  repair?,  &e. 
Tho  number  of  valves  required  depends  a good  deal  on  tho  secu- 
rity and  amount  of  convenience  aimed  at.  For  instance,  in 
the  district  ^1,  if  a burst  occurred  at  any  point  in  the  district, 
then  if  there  were  no  other  valves  than  those  near  tho  main 
VY,  the  whole  of  the  persons  in  the  district  would  be  without 
water;  but  if  valves  are  also  available  at  the  points  marked 
r then  only  the  particular  pipe  where  the  burst  occurred  would 
be  cut  off  from  the  supply. 

Position  for  mains  and  pipes. — In  an  irregularly- 
built  town  with  few  definite  main  streets,  it  is  a matter  of 
judgment  and  experience  as  to  how  the  pipes  should  be 
arranged.  In  India,  where  tho  major  part  of  the  supply  is 
derived  from  the  street  stand  pipes,  it  is  necessary  to  be 
guided  bv  two  factors:  firstly,  the  distribution  of  the  stand 
pipes  ought  to  be  averaged  over  the  town  area,  so  that  no 
person  may  be 'beyond  a fixed  distance  from  a stand  pipe  or 
fountain ; secondly , to  supply  to  each  such  stand  pipe  or 
fountain  should  be  in  proportion  to  the  population  served  by 
it,  thus  at  fountains  in  densely-populated  districts,  two,  three 
or  four  taps  may  be  required. 

Flow  of  water  ii  pipes. — The  flow  of  water  in  closed 
pipes  under  pressure  differs  from  that  in  conduits  in  so  far 
that  the  water  wholly  fills  a pipe,  but  ?eldom  a conduit ; there 
is  no  air  surface  in  a pipe,  as  the  water  is  under  some  ] ressure 
and  therefore  the  bottom  line  of  the  pipe  need  not  follow  any 
line  parallel  to  a free  flowing  surface  as  in  an  ordinary  open  or 
arched  conduit.  Pipes  are  seldom  laid  at  a level  near  that  of 
the  hydraulic  gradient ; lmt  where  stoneware  or  cement  pipes 
are  used,  it  is  desirable  that  they  should  be  arranged,  so  that 
they  approach  closely  to  the  hydraulic  gradient. 

Hydraulic  gradient. — The  hydraulic  gradient  of  any 
pipo  may  be  represented  by  a line  drawn  through  a series  of 
points  to  which  the  water  in  a pipe  would  rise,  if  pipes  wore 
vertically  inserted  in  the  main  to  allow  of  its  doing  so  ; thus 
in  tho  following  diagram,  suppose  PPPP  a pipe  of  uniform 
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bore  laid  from  a reservoir,  the  water  surface  of  which  is  ah 
WW,  then  if  Y is  a valve  closed  and  vertical  pipes  were 
inserted  as  a b c d e,  the  water  would  rise  in  these  pipes  to  the 
same  level  as  the  water  surface  WW,  in  the  reservoir,  if  it  re- 
mains at  that  level  as  will  be  supposed.  If  however  the  valve 
V be  slightly  opened,  a flow  will  take  place  through  the  pipe 
and  the  hydraulic  gradient  or  line  of  pressures  will  fall  below 
the  line  abed  o,  in  proportion  to  the  loss  of  head  caused  by 
friction  of  the  water  in  the  pipes  (other  losses  being  small  and 
negligible)  and  the  hjdraulie  grade  would  assume  a position 
such  as  WGr.  If  the  valve  V were  fully  opened,  the  hydraulic 
gradient  would  be  along  the  line  W V.  The  distance  between 
the  pipe  lino  and  the  hydraulic  gradient  is  the  pressure  or 
head  over  the  pipe.  With  pipes  of  uniform  bore,  the  hydraulic 
grade  is  a straight  line  so  long  as  the  pipe  line  does  not  rise 
above  the  grade;  the  pipe  may  be  laid  at  any  level  without 
causing-  an  alteration  in  the  hydraulic  gradient ; thus  the 
hydraulic  gradient  would  be  the  same  for  a pipe  (X)  laid  as 
shown  by  dotted  lines  : — 


If  a pipe  rises  above  the  hydraulic  gradient  as,  for  in- 
stance, to  a point  S,  air  will  tend  to  got  into  the  pipe,  and  the 
gradient  instead  of  being  a straight  line  will  be  hom  W to  S 
and  S to  G. 

Amount  of  pressure  desirable.— The  greater  the 
head  or  pressure  always  available  over  the  pipe  in  a town,  the 
greater  are  the  lacililies  for  the  supply  of  water  to  high  build- 
ings and  upper  floors  and  for  fire  purposes  ; high  pressure 
often  means  considerable  cost,  and  thus  it  is  desirable  that 
there  should  he  some  minimum  pressure  fixed.  Iu  pumpino* 
schemes  especially  it  is  desirable  to  fix  the  pressure  at  a mini- 
mum and  maintain  only  such  pressure  as  will  meet  ordinary 


« I 

DETERMINATION  OF  SIZES  OF  MAINS  AND  BRANCHES.  341 

demands.  A minimum  of  10  feet  under  maximum  demand 
lias  been  that  fixed  for  pumping  schemes  drawn  up  by  the 
author,  and  this  is  as  low  as  consistent  with  possiblo  variation 
of  demand  while  meeting  all  ordinary  requirements.  Tho 
minimum  head  or  pressuro  must  bo  fixed  either  in  reforenco 
to  tho  highest  part  of  tho  town  (if  intervening)  or  at  that 
part  of  tho  town  furthest  from  the  source. 

Loss  of  head. — The  first  of  tho  two  following  diagrams 
shows  a gravifation,  the  second  a pumping  schemo : — 


Tho  ‘ loss  of  head  ’ is  represented  in  each  case  by  //,  and 
tho  hydraulic  gradient  is  -j-,  from  which  basis  the  diameters 
of  the  various  sizes  of  pipes  have  to  be  determined. 

Determination  of  the  sizes  of  pipes. — There  are  two 
conditions  which  may  present  themselves,  one  being  tho  caso 
in  which  the  position  and  lovel  of  the  reservoir  have  already 
been  fixed,  and  when  therefore  the  average  hydraulic  grade 
can  be  at  once  determined ; the  other  case  being  that  in  which 
tho  level  of  tho  reservoir  is  to  be  fixed  after  tho  hydraulic 
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gradients  arc  arranged.  Taking,  for  example,  the  formor 
caso  and  having  decided  upon  the  minimum  amount  of 
pressure  to  he  maintained  over  the  highest  point  of  the  town 
area,  an  approximate  hydraulic  gradient,  for  instance  W Gr  in 
the  figure  on  page  340  ante,  is  obtained  with  reference  to  the 
maximum  flow  through  the  pipes.  It  is  usual  to  limit  the 
flow  of  water  through  pipes  to  certain  maximum  velocities 
which  should  not  be  exceeded,  and  if  these  are  determined, 
the  maximum  discharge  allowable  and  the  maximum  hy- 
draulic gradients  at  which  such  pipes  ought  to  be  laid  are 
also  known.  These  are  exhibited  in  the  following  table  : — 


Diameter  of  pipes 
in  inches. 

2 

24 

3 

1 

6 

6 

7 

8 

9 

10 

Velocities  in  feet 
per  second  . . . 

3'1 

3'1 

3‘3 

3-6 

3‘9 

4-2 

4*5 

4-8 

5-0 

6-2 

Grade  in  length 
of  1,000  ft.  ... 

21-60 

17-28 

15"68 

13-74 

1272 

12-16 

11-S9 

11-60 

11-16 

lO'Ol 

Discharge  in 

gallons  per 

minute 

26-3 1 

39-6-1 

60-76 

117-72 

199-33 

309-17 

o 

0 

1 _ 

619-20 

1 

828-37  i 1063-53 

L 

Diameter  of  pipes 
in  inches. 

12 

1 u 

u 

I 

16 

1 

18  i 

=0  ! 

! 

21  ! 22 

! 

24 

Velocities  in  feet 
per  second 

5-5 

5-8 

6-0 

6’0 

6-2  j 

6'5 

65 

6-6 

6-7 

Grade  in  length 
of  1,000  ft.  . . 

10-13 

9-34 

9'34 

8-78 

8-38  ! 

8-18 

7-98 

7'83 

7-10 

Discharge  in 

gallons  per 

minute 

1619-88 

2321-61 

2761-20 

3143*25 

4108*74  5317*65 

5862-67 

6531-00 

7893*27 

if  the  gradient  were,  sav,  i|TL5  and  a supply  of  309  17 

gallons  per  minute  were  required,  it  would  bo  seen  at  once 
that  a 6-inch  pipe  would  bo  necessary,  but  matters  do  not 
always  adjust  themselves  like  this:  for  instance,  it  may  bo 
desirable  to  give  a grade  of  J!!L,  and  supposing  a flow  of  1,134 

gallons  per  minute  is  required,  a 9-inch  pipo  would  carry 
the  required  amount ; but  the  velocity  would  be  6' 86  feet  per 
second  ; and  therefore  the  grade  must  be  flattened  and  the 
size  of  pipo  increased.  Tho  diameters  of  the  pipes  should 
therefore  be  fixed  not  only  with  reference  to  the  quantity 
they  arc  required  to  carry,  but  in  regard  to  the  maximum 
velocities  tabulated  above ; thus  in  a town  supply  as  tho  pipes 
decrease  in  diameter,  the  further  they  are  away  from  the 
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sourco,  by  varying  tho  diameter  of  the  pipes  it  may  bo 
possible  to  lay  them,  so  that  the  approximately  fixod  hydraulic 
gradient  can  bo  nearly  maintained ; but  the  gradient  finally 
arranged  will  often  be  at  some  places  above  and  at  others 
below  that  approximately  decided  upon.  If,  in  the  immediate 
future,  there  is  likely  to  bo  any  greatly  increased  draught 
in  the  pipes,  thoir  sizos  ought  to  be  lixod  with  roforonco  to 
that  augmented  amount,  so  that  the  ineroasod  demand  will 
not  ontail  a reduction  of  pressure  below  tho  minimum  head 
decided  upon  as  necessary. 

Tho  following  formula)  afford  easy  methods  of  determin- 
ing tho  velocity,  size  or  discharge  of  pipes : — 


where  V = velocity  in  feet  per  second, 

</  = diameter  of  pipe  in  inches, 

G = imperial  gallons  per  minute’discharged. 

By  the  use  of  tables  such  as  thoso  following  much  labour 
is  avoided,  ami  as  likely  to  minimise  error,  their  uso  is  advo- 
cated. Unless,  therefore,  special  sizes  of  mains  not  included 
in  the  tables  aro  required,  or  tho  main  is  a long  main  of  largo 
diameter  requiring  special  calculations  in  reference  to  it, 
tables  should  be  used.  The  following  wero  compiled  in  and 
aro  in  uso  in  tho  author’s  department  and  liavo  been  found  to 
give  satisfactory  results  : — 


G — 2 '04  vd 


CHAPTER  VIE— WATER-SUPPLY. 


344 


.s 

3 

►X 


■ •* 

a 

<*> 

$ 

•& 

Rh 

£ 

S 

fc.  , . 

<Sj  g 

•1"'- 

.8  z: 


.8  11 

**  & 

3^  S 

*»  r® 

*40 

~ J° 
e -X 
e >5 

c !> 

<o 

So  s 

8.^ 

HO 


HO 

-» 

40 


£ 

\> 

•< 

HO 

.5^ 

•v* 

a 

o 

od 


»<0 

e2 


Diameter  of  Pipes 
in  inches. 

Inclination 
of  pipe. 

oosjc3t.aortO(S«3i'H'»!®»toottis.wt>«8aoj;M«!HOMNMCO 
© © 00  40  O O c5  HOa  00t>-t>-©©»O»O»O‘Q*<J,*«,COCCC’vN03  5'Jr-'r-ir-KfHr-< 

o*  *Q  CO  oT  Cvf  r-T  r-T  r-T  r-T  r-T 

r~4 

r-* 

■JOOJOOO'OI 

JO  mStiOi 

c ui  piiopj 

r-«0ic0'^,k0'j0t^xa0^03c0'^,‘*0'^:r>.00a.0i03^ec>a)0k.0  000000000000 

M M m r<  H ri  M H H n CJ  ?1  GJ  Cl  30  ?:  r C G:  I-  X (T.  C 'M  ’*  x q 

r—(  f— 1 f— < f—<  rH  (M 

GO 

•ojnuna 

JOCl 

ui  ,i(ddng 

(MNNNNaOOOWNNW^CClX-COOCCO^CiCOQroOWOOHarirwH 

wo  c;  a x i-*  >■*  c ^ r o o - rt  r.  iC  w x w c c.  'M  'M  o o f'  c nm  -4*  ec  © 
: : :Moi^|cc5Cic»©«r-^o^-c.xxox»cccc'Nif:©rH’;opo;No 
ci>*NNbib^^ib©c«cr^^ca^w^-'OOJ^o0  3>.«bbc'i^^^ 
oo  •*  »o  ' ' t'.  X1  c.  c.  c ^ -m  71  x *-  l:  r-  oo  O-  71  :g 

h h m H rH  H H H H -N  "M  ?1  'M  -M  'M  71  -M  :i  ”M  CC  CG  CO  ^ kG  lO  O c CI^I^  X 

•puoaos 
JQCl  ^99; 
UT  X^IOO[dA 

05«»OCCl--NCH--X^C:cKO--0'MHh.01'flCh**?HWHO'«^010 

coi^  io  « = n ::  o o ci  ^ x o.  cr.  y i>.  c r io  o n »m  c o --  n o o x ^ 

•ojnuitn 
aod  -spini 
ui  .-Cjddng 

Or,CTNOOC>i"*cC'M,MHCCC:]NCK:'»<'MCC^Cr.fC^SiGCiC--^ 

oj  oi  »c  »o  cc  o ui  ic  o r-  n cc  - ?:  **■  o c c.  c v«  r.  x o oc  a co  «: 

'MON'^HNC^r.iCCO'-'C-'CiC^OlHO'.QnCQOQCO'MCO'.WiMOOGO 
aoj.aor-HC'iC'i^^r'^ificcNXc-.  ocXi**i^o?:ccccoawcQ 
HrlHHHHHHHnHHHHHlNNjiiWMCGMCOn^^^ClOlO 

•DU009S 
J9CI  ^09; 

hi  itypopA 

HC^f»CCQON©C>;©HW’>»MC3lO',!'OeOW'»fN©©©'**'onOi-H©^©ft 

:i  o n •*■  -h  n ^ c c r - c r-  c ^ z - r.  7 c:  x c -m  c r.  j:  ^ c c a; 
r-rHHHHHHrHrir-'HHr-r-rHClj^ClOJOlCCICCCCC'f'^llOkOO 

•ojnuiui 
aod  ’spuS 
at  .Cjddng 

OWO'+r^OlCONa^NCiC-.  C'i*'OHC'.HCI>CClOO*,,«C*fr,C;NO'^ 
X r:  ^ N X rH  o **•  t>>  X C.  tc  is  C O CC  '*i"  - C.  C WM  <- ■ r-1  c Ol  CIC  to 

••*cfcb^wwt^©woc^WKHoo^|c:o©oo£3ocoo©i,©©©oiooJ-i^i 
cccD.t'^ocxas’.c;  ccO'-'-cicirG't'Coxc'M^CNoxiitaDo 

»— — r—  r—f— — 1 C-l  Cd  Ol  CC  C'l  CO  CO  00  CO 

•puooos 
aod  joaj 
ui  Xjioojo^v 

CO’— ci  c - fr  x cfD  *f*  x n c c a n dc  rc  h w:  c; 
'?woC'OHNoo®w»«»WNNO®*c^'Ho:ift*jcc»'Mu:*w©«?iao 

HHHHHr-Mr-r-MH'-ir-HHp-?lG'l?)7'J'CjccGjoi*VUob 

kO 

•ojnumr 
aod  -S[[88 
ui  jCjddng 

c.  ^ x « x c:  ci  c;  r-  m r-  oo  ^ iv  ^ - c -f,  p q ^ *i  i; 

: : ;-tOOO^r-NWp.pcCCCCNMr*0  01N^MXXC::CGb-*,0  0-  OOcO 

’■^,t^-^C'0®C5^',*'~C:'-<JOwct^.C;cOr^.— J^GCCOcOt^O^fCOCOCO^CiioO^*' 
W ^ -t  o c o « c • - © © !>.  t>.  X © 00  C.  c r-  w JO  N j,  CC15  »i 

•puooos 
aod  jooj 
ui  ifjioo[o_\ 

PS22£c£r}Slcr£,*,Q22i^£:0cC5^5*-*ca(2'i«>*'-4S©ooco©co»oc5«-<40wo 
i-  c;  i.G  h tc  h c - c c *-  x -m  c **  m o.  c m r cc  r-  c c;  c i— • ^ * m r 

rHf-iHHrlrHHHHHr-tHHr-HC'lNN01CcicWCC^'^fi*''f 

"ojnuiui 
aod  "spiiS 
ut  jfjddng 

©■^•©»00O50OiOCOW0<M0<ir>»W3^t>-CiCi©CC©©r^fM©^£=3«0©r>.r>.f^ki-» 
;C®N4p|Op^»H^©XCN^CN^CC'IO*f'NCc5lO«^?;So50 
*©©'M-*©r^.c:©  — co  wo  *o  cecs^-cowoi'*.©^**^-^  ^*\  © -~  r cr  rr  in  a. 

r-NNMCINM«MKrtKj;s5CO^'f>*'*»l4ioc^«»3CcSS«3 

*-H  r—  — * a 

•puooos 
aod  jooj 

UI  .1  )I00[0,\ 

Ea&$838g383gg8£g;:&SSS33gS6gSg8SiSg8S 

. . . . ;oocNp»*a3scp-i-cj>«nJS^o-3f;o¥l?<o”o«cSs? 

CO  CO  CO  OC 

CO 

■ojmnin 
aod  -sii'ca 
ut  Xjddng 

^ *2  p 50  ^ ^ 'r4-  ^ 3C  ■*"  © -®  *M  oi  co  c£>  Oi  01  c i i".  -•‘i  ccc  —^ 

: ■ . : : :«ON^oN«aoo«^NNNpccc5N^4**NooKSSH 

' C-l  CO  CO  *0*  O O © © r—  30  OC  © © ^ Ol  CO  O io  V'  ^ ^ -^1  --  L'' 

rHHlHHHHHHHHHHdWOlMOlWJOWCO^^VlbioSS© 

*pi  10008 
J0(I  $00J 
in  iC;i0OX©A 

::::::::  :gS  §§  3 »§oS  2 g 12  £g5$?  S 2g  BS  g J2  ® *5g  S 

H*« 

03 

•ojnuiui 
aod  -8j|ii8 
ui  .I[ddng 

:»H»p»p-o?.?i?«?or^S!?S6S^S5iSSS?,2 

• t'OOOOOOC'.  cr.  OOOrJHNMW-f-Cl.fflilUof.J.^VVXJ, 

*PUO008 
J9a  }0OJ 
III  X poop \ 

l''<  ^0  CO  *■?  r~*  ^*4  LC  fy\  p^  ^ pw  rf^  •<*  — __ 

....  Pr5  p ©©©©--;  2 

Cl 

'ojnnitn 
aod  -smia 
ui  Xjddng 

SSSSS?Jlggg2g§§2ggS--2g*S3;a.«te»iao« 

' • — COk.OOO'M©©01©aoi-'^»5:o^^^J^pc^^ 

HHHHnHH^NNN 

•puooos 
aod  jooj 
ui  djioojo^ 

"■‘’^’“‘'^^•"■'•“‘’-‘OQ'NOI-NfNCO 

cn 

© 

3 

00 

•joojnoo'ox 

jo  hj8uoj 
8 ui  puapf 

l-<ffiW,tf,»0'>PtH3C^5©»-J0100'^,U0©»^5r©©01-*,C0-^©W0©©O'©o©c-*.^^^.^A 

HrtHHHHnHHr^WWNNjj^S^^ggggO^OOO 

oag 

h « 
© c 
•*-»  ■'■* 
® C 

i- 

s 

fl 

'll  j 

© o 

H 1 

i-H 

!lJJi.*Sl.=iiil5lillil5§i§Pllig2afl|«E;8ss 

rH 

c 

determinaiion  of  sizes  of  mains  and  branches.  845 


.R 

«*• 

s 


■Si 

fti 


s 8 

« A 
gl* 


5 


e 1 C 


> 


■S  o 


I 

S’ 

«o 


■<* 


4 

s 

8 

K 


"*S 
R 

e 
~e 

R eg 

s ^ 

s,j| 


V. 

<*> 

ft, 

« S 
^a,£- 

R ^ 


;*s> 


V> 

© 


£ 


<a 

-c 


C» 

.R 


a 

<a 

«; 

«0 


-5 

X5 

£ 


I 

00 

a 

c.c 

L,  O 

s.a 

o>  _ 

§ . 
u 

. b o. 

'£**? 
a o 

!iBliSSSS||gg2^?,asS8  S5S58Sg8e3S  = S 

r—i 

c 

0.2 

si 

3 

'W  000*01 
]o  qjriuaj 
B Ut  pB0J{ 

ww  ^‘©©r^x©©*—  ~*J-'f©>x©o  ©©©©©©© 

r-*  — » ^ ^ »“»  »— i »—•  »— » • — • ©■>  ©4  ©4  ©4  5©  CC  ^ W5  OC  ©i 

ri 

© 

<N 

•8'jnnim 

J3d  * S ( 1 

ui  .{[dclag 

-h  ^ o 

?C  wi  © ~ lb  ~ -x  y © p © r-  7-*  x © © 0 ^ © © ©>  )5  t-  5 

S i?  ^ N '4  ^ 0 t ^ ^ ^ ^ ^ ^ i'1  ^ ^ ^ ^1  5 0:  0 » C w h 

V '»  X v.  — ?!  X 4 »■*  * 1 - X w . © © — ^ obi«c  •»*.  cC  ^5  © © 

r.p.HHrinrirtri^l'N^rJNM'MWWS'jlKWK^V'TlOlOia 

•puooas 
-M(I  ■jaaj 
ui  .fjijo[a.v 

^5t>-©y*xo©j'-©©--«'rj?5^f’95©t^x©©r— rc^,©r^©'»j*©iO©^ioo$5 
^Hri^rt^HWMNNNWjlwVlWWCceOCCWWit'tifibiofoiDii. 

ao 

•oinutiu 

J0(I  •S|p:j< 

ui  ijddns 

© © 0 © 

- • ^ i t-x  © ; -.  - *1  ^ ^ ^ c N z x © © - <m  ct  w;  r-  - 'f  © im  0 

rH 

*puoo9H 

joa  jooj 
in  jC)ioo|0jV, 

Xi©t>.o©n  -m  xwo«cx-©MyiMeaf;N«f 
£ . - \ / c - n -m  ri  - c j no  5 k x - c c d 0 c 0 x 00  <a 

^ 4 c c x c-.  p rj  jc  ^ 0 0 c n ^ r.  ^ 71  it1  0 x -x  j,  r-<  c 0 ^ x 

© 

•ajnuiut 
aad  •sii'tal 
ut  .Cjddng 

23*^  — 9©^j-^|^©«©ov©x©?5»^t^©©x^^:xt^cc<©x^j©.^© 
w « © © ©.  ri  jc  -•  c ^ « r*  c - w c.  it  r»  c © -m  --  - i>.  © c © 4 © »o  ii.  a 0 

tr  rH  rt  ^ r w ^ 23  ‘io  © © ^ ».*?  © i>.  © Zr:  ->i  oc  cc  or  ^ 

?i  ?;  r 0 c c t-  x x r.  « c © -*  -«  w ?i  ?:  w « 1*  c c © nx  c w ^ !•«  c.  h 

r«r-Hr->-Hf-'r-r'r-r'r-r<HHW^'MWWCOW 

■puooas 
aad  )3dj 
at  A'poopi  ^ 

^ N C.  >•'  ?l  N --  X C:  ^ ^ O ?l  - N •-  'M  C-l  c;  ^ c.  w.  ^ M h*  I*1  H 1/;  1?  •*  N 0 

0 © x w:  r ?;  •“  © x * © © x n c ^ ^ c c ii  *m  c r-  i>.  c © x ^ 

4©XONrfifOCNXv.CHfl(lW«*t3CCNCCnW®r.i,XOON©4 

O 

•oinutui 
a ad  ■ s [ ( w 
ui  .{(ddug 

©©Tjr^o  — ©q©r — k — o©r 

•:  1 »:  ?i  © ^ r © ^ r.  0 c © - ^ ^ •*  -/  © ^ 1*  ^ © u:  1*  0 •>)  x 0 ?:  c 10  0 

— ©«©.  ifiWJ  ©CC^*  ^ttX-Cy'v.MX’fWMflN^C.OD 

©r»^i©A-^©xt^oct^©F-<^©cpVii>»rHiO©<— '©-Sccc»ooo^©©oo2o^f 
© © ©.  © :c  © I*  ©.  -?•  © CC  x -N  © © t^  © ’**'  ?n  © © .—  C c-l  10  © »©  ->1  © wb 
Nwoc4'iaio©ct'NXXft©C50  © — — — •C'i:o:0'j'.*©t^©  — r;»o©x> 

•puooas 
aad  jaaj 
ut  .CjiaojaA 

C©ttCrNt-NClCifl«NWNN©,MNeCirt'*550MOO!)CCS'MCO 
t-  c - 0 x © <m  *m  *m  *m  — © ©r*i/5??Hcro5?;©  xhc.®ioowcnh 
^f©0O©^-«Ca^J©©t^X©©©^.^lC©*4*^!'*Ot>»X©©C^'^f^'Mt^rHlO00'?4 
pHrHr^rHpH^H^rHpx^&l^^l^lSQGl^l^lClOlSOOOeOOO^^^OKd^^O 

•atnutra 
aad  •s|i’bS 
ut  .{[dang 

©©©?!©©-*©-*©'*©©  riX-*©t^-CC© 

cc  "+  si  r:  ?i  -?j— -*•?)  — © — ©©t^x— • ^-^Jtcc.f’-cij^cijcociMXffJM 
- 0 4 x *r  © p -*  0 c I-.  0 x c - n © x 1^  x 0 0 « « 7 c.  m a ^ 

C:  r’^  y © U ^ m * i’t  ^ ^ i>.  ^ c »>.  r » x © © r.  c © « it:  c a ©.  w h h - 0 

T c -m  /.  •*  r.  ^ r ?i  c 0 r:  n c ::  C r.  ci  »c  x :c  r.  ^ X ?0  1*  cc  r-  ?i  c © 

n :i  ^ - «t  0 t.:  ^ c 1,  n N y.  x x x a w.  r.  c 0 r-  - m c:  ^ © x c r-  ?i  co 

r-r-HHHHHl-HHCMW^ 

'puooas 
JOa  jooj 

UI  ^10O[9a\ 

— *M  — r-  O ©©©»©-*•  r?  — CT-  j'  ■*  -M  © © © ?U"  N X CN  © pr  « C « « 

^•©x©-?i?:if,tv3h»x©cc7-^?:pr»CNx©©f:«'Cu:c:w^© 

Ah  A-t  r-  A-  A-i  5-J  C'l  >1  ^1  C“l  C'i  ^4  C“J  C-l  C>1  00  C’S  CO  ^ *C  O 

e* 

•ainutut 
aad  •snidS 
ut  .{[ddug 

© -*•  -*  © r-  © -f  X — © W5  © *•■  O © 1^  © -—  C©  •*  © ^ 1 »o  CT  © © © r-<  © 

®©««CjCf^'fxr.  -.^X^iOC^WW^OX^v.J'tO^I^Ir'^OOij 

;^5i^xri^'Vi©©A-^c;^^^io^'^'io©i!2X^-i>ir-t>-©ccAH2Ji\x 
— © © X © ©.  ~ 1 'X  r-  ©,  — «*  © X © *1  H*  © © S*5  ® © 00  C t>.©iriCCCC’M^-' 
- ?i  :i  m k k ^ i*  ^ ^ c « o o t c c c t-  f»  x » c.  ro  r-  m « ^ c co 

»-h  rH  r-<  »— < 

■puooas 
aad  jaaj 
ut  XjtoopA 

io©©o©r-r^.— < — ©©x-^*x©©.r-^:^-'M'M©^»o©r^»©£2rCw:2'^r 

r - r - ?:  m © © *)  © r © •*•  - © o c>j  © « -/  c — *?>  m y -m  © © « ^ a o 
«N30©-Wrf^«©©h»*Cia©-iH«»rt©t^OOC  Wl^H«00r«W 
Ah  A-  A-«  Ah  Ah  Ah  Ah  Ah  Ah  Ah  A-  '-<  ri  Cl  <71  ^1  C>l  ^1  Vl  Vl  <>l  CC  CC  C©  O 

© 

•ajnutut 
aad  •sfjujj 
ut  iC[adng 

k:  n r c " ?h-  * © c c ^ - ^ © or  c c x « © © © x © © 

kick;©nin:ix:i5-?:  - ©ox^cS^xxh-x?:^0^'-3 

t'C.  -HX^If^'M  — ‘M©©©©XW‘Cr«Ow. 

’©x©'M-*©r>-©.  — ?is©»o©f^©©— ' SC  CS  X © *M  S s:  © ^ 

>--H?iTi?Ki'M^iwMwx«xwr|,f’f4,’ricoc©©Nxaci© 

•puooas 
jad  ;aaj 
tit  .Cj!00[a.\ 

x ^ l: i n ^ - c i^i r ?:  r x *r  c ^ ri : © o o o:  o c h g o 

■ • • © — < — r-^x©3*^!©©^!©^— <r>-c©-,,©©©©o©©©©rC©x 

NaoHW?:w4io|fttcNtHooci©OH^«7ip*'07NoyPNO) 
A-Aa^_A-»AHA-.A-AHAHAHAHA-A-<^-i^ji5>iO'i©.i‘3<j'>icicccctC'^''^,Hp^* 

© 

•ajnuiui 
aad  'smiX 
ui  I(ddng 

~i  © r^  © x © i ^ x r^  x k-  © x ?i  ?i  r © p-  c © »;  © cc  •£  o « x « 

»C©CCJWXCC1lC50i.'IXW?l©CX*H'NWWXC05C'r~COfH© 

'?©Nt^»«SC5i<3§>ftC5©®,<5WCtCWpCCNN»0}0©WOH00 

: :A^^vc©i^©Nxra22^^i!^b5^z!®kb222^b 

-»<  I.!  r-T  “M  ^ k"1  © T C.  © ^ © lO  © X © © X X X X © h* 

^ h ii  n 'M  ?i  in  ci  w w « w x w w ^ ^ w ifl  « © 

•puooas 
•tad  laaj 
ut  Aiiooja,\ 

©-*io©^-r^r-*^©*f,r^©x©r?x^»o»rt©'>j-:Hi2©3^xcc32© 

•^0**CO»-HX©CO©©'MXH*©©-^C'l^'M^J^S2®5rtJ5=:^55^ 

: x © © ^h  ci  rt  x?  -•  -4  wt  © © r'-  x x © © *m  w 7^  .-^  9^  ?J  V*  ?°  7^  r* 

* ^^AiAAAHHAtAAAAAH)ijKj^i?JM^jxx«i*it^ 

w 

9 

©• 

-«  aS 

•jaaj  oi  0‘oi 
jo  qiSuaj 
« ut  pttafj 

^<NM-f*o»^oo«o-;Sco^«»j:»2ggJj;g5®g§g§ggg§ 

CX 

, a 

fc  fl 

Sc 
a — 
i 

5 

c 

o . 
•r;  © 

3 a 

go 
>— < 

^§g2i|gg?;g^§Sj?0^5JM?:i.Tgrio!!-:I^^E:o'?S55kfS  — S 

OOe?OOe5'?lHq««Sl'ISOK!lOin‘0'*'#OiSW»N»l«^HrHrtH 

©"  o'oO'NWHh’hhH 

Table  showing  the  Velocity  in  feet  per  second  and  the  supply  in  Gallons  per  minute  for  Long  Pipes  flowing  full  calculated 

from  Neville's  Formula  v = 140  frs  — 11  yfs — continued. 
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CHAPTER  VII— WATER-SUPPLY. 
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REFERENCE 
O Oeno*£s  fountain  or  stand  pi| 
0 tfo.  hydrant 

© do.  sluica  valve 


DISTRIBUTION  SYSTEM 
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Table  shewing  the  supply  at  each  Fountain 


Hamper  of 
warp 
» district 

Voaptctive 

Population 

Supply  in 

gallons 
c*er  minute 

Number  of 
*tanc  pipes 

Or 

fountains 

— 
Delivery  at- 
each 
fountain 

Fountain  numbers  as  in 

Jlan 

2 

4 

5 

6 

3024 
100S0 
l!232 
374a 
64S0 
" 5S0 
S0S4 
50304 

A 

63 

210 

234 

78 

135 

160 

16S 

1048 

3 
7 
10 
3 . 
3 

5 
10 

6 
50 

9 

2; 

26 

26 

27 
16 

28  • 
Total 

12.13. 19.20. 21.43  & 45 
14.15  IS. 17. 16. 22. 23. 24  25  and  44 
1 2 «.!0 .!!.«, 4S.49W® 
3,36.and42 

37.38  39.40  & 41 

l .5.23.29.30.81.32.33  34  and 35 

6 7 ,8,9  26  and  27 

«„  ba  dJvered  ZTllt  The  a ^ S°"'>"S  per  the 

distant  than  450  fe=t  from  -h  P so  that  no  person  )S 

■,r°m  *h=  nearest  stand  Pipe. 
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SECTIONS  SHEWING  HYDRAULIC  GRADIENTS  OF  PIPES 
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On  the  accompanying  plate  is  illustrated  tho  distribution 
system  of  a town  divided  into  seven  wards  or  districts  with  the 
respective  and  prospective  population  of  3024,  10080,  11232, 
3744,  6480,  7680,  8064  or  a total  population  of  50,304. 
Tho  daily  demand  is  supposed  to  bo  15  gallons  per  head 
(half  that  quantity  to  bo  delivered  in  six  hours). 

Tho  stand  pipes  or  fountains  in  each  district  are  so  placed 
that  no  house  is  farther  distant  than  450  feet  from  tho  nearest 
stand  pipe.  Tho  minimum  pressuro  on  the  mains  at  no 
• place  is  to  bo  less  than  10  feet  above  street  level. 

For  tho  determination  of  tho  diameters  of  pipes  from 
A to  B,  B to  C,  C to  D,  D to  E,  E to  F,  F to  G,  G to  H,  H 
to  lv,  K to  L,  L to  M,  tho  following  considerations  present 
thoraselves : — 


Given  tho  lowest  water  level  of  the  clear  water  reservoir, 
and  the  head  at  M which  is  the  point  furthest  from  tho 
reservoir  (thus  tho  available  head  betwcon  A and  M)  and 
the  maximum  quantities  of  water  to  be  delivered ; find  tho 
size  of  pipes  such  that  tho  velocities  do  not  in  general  exceed 
those  already  tabulated. 

The  discharge  through  each  length  of  pipo  is  determined 
thus : — 


1)  = 


p x s 

N X GO 


where  1)  = discharge  in  gallons  per  minute, 

F — population  to  bo  supplied  through  each  length  of 
pipe, 

S — supply  in  gallons  per  head  per  diem, 

N=  number  of  hours  in  which  tho  daily  supply  is 
delivered,  or  if  the  mains  are  to  be  capable  of  delivering  one- 
half  the  total  daily  supply  in  six  hours,  the  above  formula  becomes 


Assuming  that  the  clear  water  resorvoir  is  located  at  A 
with  its  lowest  water  level  at  106'00  above  M.S.L,  and  that 
the  ground  level  at  M is  1899,  that  a minimum  head  of  10 
feet  is  required  and  that  therefore  the  level  at  tho  end  of  the 
hydraulic  grado  lino  must  not  bo  low'or  than  28,99,  the  moan 
hydraulic  gradient  available  is  (106’00  — 28  99)  or  77'01 
feet  in  the  length  A to  M or  19,354  feet  or  say  4‘0  in  a 
thousand. 

The  maximum  number  of  gallons  per  minute  required 
to  flow  through  each  pipe  is  then  marked  on  the  section 
and  beginning  at  the  reservoir  a supply  of  1,048  gallons  is 
required. 
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CHAPTER  VII.—  WA  TER-SUPPLY. 


By  referring  to  tables  such  as  those  already  referred  to,  it 

is  found  that  a 12-inch  pipe  laid  at  a grade  of  is  suitable, 

this  grade  is  drawn  and  its  level  at  B determined  ; the 
diameter  of  the  length  B C is  similarly  found  and  so  on  until 
the  end  of  the  main  is  arrived  at ; it  will  be  found  that  the 
pressure  is  more,  and  the  hydraulic  gradient  at  a higher  level 
than  that  of  the  approximate  grade  originally  determined  : 
this  is  due  to  the  fact  that  pipes  of  the  exact  diameter  required 
cannot  always  be  used  as  will  be  explained  further  on. 

It  will  be  noticed  that  there  are  sub-mains  whose  gradients 
are  dependent  on  the  grade  of  the  main,  thus  the  level  at 
the  point  B might  have  been  fixed  too  low  to  allow  of  sufficient 
pressure,  and  proper  gradients  being  obtainable  on  tho  sub- 
main.  In  such  case  the  gradients  of  tho  main  would  have 
had  to  be  rearranged  giving  a flatter  grade  above  the  point 
B using  larger  pipes,  and  sharper  grades  (if  possible)  with 
smaller  pipes  below  B or  the  pressure  on  the  whole  main  must 
be  increased. 

The  sections  so  formed  illustrate  graphically  the  sizes  of 
pipes  and  the  hydraulic  grade  lines.  The  diameters  of  the 
main  can  be  determined  by  calculation  without  any  hydraulic 
gradients  being  actually  plotted.  The  graphic  system  is 
believed  to  be  the  one  in  which  mistakes  are  least  likely  to 
occur,  and  it  is  one  which  allows  of  a ready  determination  of 
the  pressure  at  any  point  in  the  town  and  not  only  at  the 
junction  of  the  different  sizes  of  pipes  as  would  be  "the  case 
unless  a considerable  number  of  calculations  were  made. 

The  following  rules  in  regard  to  pipes  are  important  and 
useful : — - 

(1)  When  tho  head  and  length  of  pipes  remain  con* 
slant,  the  supply  varies  as  the  square  root  of  tho  fifth  power 
of  tho  diameter  or  as  yV  = d*  — d 2-5. 

(2)  When  tho  diameter  and  length  remain  constant* 
the  supply  varies  as  the  square  root  of  the  head* 

(3)  When  the  diameter  and  head  remain  constant,  the 
supply  will  be  inversely  as  the  square  root  of  the  length. 

The  following  table  (from  Fanning)  shows  the  relative 
discharging  power  of  pipes  of  various  diameters.  It  will  be 
seen  that  the  table  is  based  on  rule  (1),  and  that  for  a 
doublo  discharge,  a pipo  of  double  the  area  is  not  necessary  j 
thus  tho  discharge  from  a pipe  of  2-feet  diameter  is  not  four 
times  that  of  a pipe  1 foot  in  diameter,  but  5'657  times  and 
from  a pipe  4 feet  in  diameter  not  16  times  but  32  times  * a 
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slight  increase  in  the  diameter  of  a pipe  gives,  therefore,  a 
very  much  greater  proportional  increase  in  discharge. 

The  table  is  capable  of  application  to  cases  such  as  the 
determination  of  the  diameters  of  two  or  more  pipes  where 
bifurcation  takes  place,  where  unequal  or  equal  division  of 
the  supply  is  made  from  a main  to  separate  districts,  and 
when  the  conditions  of  rule  (1)  hold  good,  that  is,  if  the 
hydraulic  grade  is  the  same  ; thus  suppose  a main  pipe  44 
inches  in  diameter  is  carrying  257  cubic  feet  of  water  in  a 
minute  of  time,  and  there  are  two  districts,  one  of  which  is 
to  be  supplied  with  15’ 58  cubic  feet,  and  the  other  with  9-85 
oubic  feet  in  a minute,  it  will  be  deduced  from  the  first 
two  columns  that  the  diameter  of  the  pipes  to  these  two  dis- 
tricts would  require  to  be  approximately  36  and  30  inches 
respectively.  The  figures  in  the  other  vertical  columns  show 
the  number  of  pipes  of  the  diameter  indicated,  which,  under 
similar  conditions  of  head  and  length,  aro  required  to  give  an 
equivalent  discharge  : thus  20'31  three-inch  pipes  would  be 
required  in  place  of  one  ten-inch,  or  2T6  twenty-two-inch 
pipes  in  place  of  one  thirty-inch  pipe  : — 


Relative  discharging  Capacities  of  Full,  Smooth  Ripe*. 
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Sizes  of  pipes  ordinarily  manufactured. — Pipes  of 
certain  diameters  such  as  11",  13,  17",  19",  23  ' are  seldom 
cast  and  above  24  diameter  it  is  usual  to  advance  the  diameters 
of  pipes  by  3 at  a time.  The  question  is  one  of  expense,  if 
a pipe,  say,  23  is  wanted,  the  question  is  whether  it  will  be 
cheaper  to  take  the  24  pipes  or  call  upon  the  maker  to  supply 
23  pipes,  for  the  manufacture  of  which  special  boxes,  moulds 
and  other  apparatus  would  be  required.  Pipes  of  diameters 
in  ordinary  use  are  very  much  cheaper  than  any  special  sizes 
ordered  and  a long  length  of  one  size  of  pipes  is  cheaper  per 
ton  than  the  same  tonnage  of  mixed  sizes.  The  cost  of  the 
pipo  in  the  ground  is,  however,  what  has  to  be  considered  and 
with  heavy  freight  charges  there  is  great  economy  in  having 
various  sizes  of  pipes  transported  together,  as  they  pack  inside 
one  another  and  the  freight  rate  is  usually  one  of  space  (40 
to  50  cubic  feet  per  ton)  and  not  of  actual  weight. 

Pumping  mains. — Some  remarks  in  regard  to  pumping 
mains  are  necessary.  These  require  special  principles  to  be 
applied  to  them  when  fixing  their  diameters.  For  all  practical 
purposes,  about  one-half  the  velocities  tabulated  on  page  342 
ante  may  be  taken  as  the  most  economical  velocities  through 
pumping  mains.  It  is  to  be  observed  that,  if  through  the 
same  size  of  pipe,  an  increased  quantity  has  to  be  pumped, 
• the  velocities  will  be  proportionally  increased,  but  the  height 
to  whioh  it  must  be  pumped  or  rather  the  increased  pressure 
will  be  proportional  to  the  square  of  that  velocity. 

Referring  to  the  following  diagram  : — 


let  P be  the  pumping  station  and  TT  represent  the  site  of 
the  town  to  be  supplied ; the  water  has  to  be  raised  to  a 
height  X above  T,  and  this  requires  a pressure  to  be  put  on 
which  will  cause  the  water  to  rise  not  only  to  a height  X 
above  T,  but  to  an  additional  height  (//)  which  is  the  loss 
of  head  between  the  pumping  station  and  the  town.  The 
height  ( h ) may  be  varied ; if  decreased  the  main  will  require  to 
be  larger,  if  increased,  smaller  ; in  the  former  case  the  cost  of 
pumping  will  be  less,  but  cost  of  the  main  will  be  greater ; 
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in  the  latter,  the  cost  of  pumping  will  he  more  but  the  cost 
of  tho  main  less.  The  question,  therefore,  is  what  is  the 
most  economical  size  of  main ; that  size  is  the  most  econom- 
ical when  the  annual  cost  of  pumping  plus  the  annual  cost 
(or  interest  on  cost  as  money  is  usually  borrowed  for  water 
works)  of  the  main  is  the  least  possible.  The  annual  post 
of  pumping  ought  to  include  (1)  interest  on  cost  of  ongines 
and  pumps,  (2)  on  the  buildings  and  (3)  cost  of  fuel.  The 
annual  cost  of  the  main  will  be  the  interest  paid  on  the  first 
cost  of  the  main  plus  the  cost  of  laying,  and  cost  of  repairs, 
(these  latter  are  easily  determined)  but  until  the  size  of 
the  engine  has  been  fixed  the  cost  of  pumping  cannot  exactly 
be  determined,  nor  can  the  cost  of  the  buildings,  &c.,  be 
accurately  fixed.  For  all  practical  purposes,  as  the  limits 
within  which  the  size  of  the  mains  lie  and  the  head  h,  are 
usually,  in  comparison  to  the  total  lift,  comparatively  small, 
and  the  HP  of  the  engine  will  thus  not  vary  to  any  very 
great  extent,  it  suffices  to  consider  iu  the  first  instance  merely 
the  annual  cost  of  fuel  as  representing  the  cost  of  pumping 
(this  will  vary  directly  with  the  lift  h ) the  larger  and 
remaining  portion  of  the  lift  being  the  same  in  any  circum- 
stances and  the  size  of  the  main  is  not  dependent  on  it  ; 
therefore  if  it  is  determined  that  the  cost  of  fuel  for  pump- 
ing through  a certain  size  of  main  plus  the  annual  cost  (or 
amount  of  interest  on  cost)  of  such  main  is  the  least  possible, 
that  size  of  main  may  be  taken  as  the  most  economical. 

The  cost  of  fuel,  staff,  repairs,  &c.,  is  so  very  different  in 
one  place  from  another  and  at  one  time  and  another,  and  so 
similarly  the  cost  of  pipes,  and  therefore  the  annual  interest 
on  first  cost  of  mains,  that  the  most  economical  combination 
cannot  be  determined  by  empirical  formulae. 

A graphic  method  of  arriving  at  the  economical  combina- 
tion is  by  plotting  curves  shewing  the  annual  cost  of  pump- 
ing, and,  at  the  same  time,  plotting  a curve  shewing  the 
annual  interest  on  cost  of  mains  of  various  diameters.  This 
method  is  illustrated  on  the  plate  accompanying,  where  the 
cost  of  pumping  is  taken  at  10  annas  per  million  gallons  per 
foot  high,  and  the  annual  interest  at  4 per  cent,  on  cost  of 
the  mains  as  laid  at  Es.  125  a ton.  Along  an  abscissa  AB  in 
the  diagram,  distances  proportioned  to  the  several  diameters 
of  the  pipes  are  set  off  and  from  each  of  these  points,  ordi- 
nates are  drawn  to  any  convenient  scale  representing  the 
annual  cost  of  pumping  through  any  particular  length  of 
main  (say  1,000  feet)  based  on  the  loss  of  head  required  to 
ensure  the  determined  discharge  through  that  particular 
diameter  of  pipe  and  from  the  same  points  ordinates  in  length 
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representing  the  annual  interest  on  first  cost  of  the  same 
length  of  each  size  of  main  are  drawn  below  the  line  A B. 
Curves  are  then  drawn  through  the  points  so  obtained  ; if  a 
vortical  lino  be  drawn  at  the  point  where  the  curves  most 
closely  approach  each  other,  between  the  two  curves  repre- 
senting, respectively,  the  cost  of  pumping  and  the  annual 
interest  on  cost  of  mains,  the  point  where  that  line  crosses  the 
horizontal  line  shows  the  size  of  main  which  is  the  most 
economical.  * 

In  determining  the  annual  cost  of  pumping  the  lift  (A) 
to  be  considered  is  not  that  duo  to  the  averago  daily  con- 
sumption per  minute,  but  to  the  maximum  consumption  ; for 
example  in  the  diagram  the  pumping  charges  for  150,000 
gallons  per  day  are  calculated  for  the  head  (per  1,000  feet) 

due  to  15?fvl-^all01Sfdail>  or  208  3 gallons  per  minute  on  the 
12 XbO  minutes  1 

assumption  that  one  half  the  supply  per  hoad  is  delivered 

in  six  hours. 

DETAILS  OF  PIPES  AND  APPLIANCES  USED  IN 
WATER-SUPPLY  WORKS. 

Materials  used  in  the  construction  of  pipes. — 

The  ordinary  material  used  for  the  construction  of  pipes  for 
water-supply  works  is  cast  iron  ; in  small  works,  where  the  head 
on  the  pipe  can  be  limited  to  from  5 to  10  feet,  stoneware  or 
cement  pipes  may  be  used  ; where  these  pipes  can  be  laid  near  to 
the  level  of  the  hydraulic  gradient,  they  are  very  suitable  and 
save  considerable  expense.  Cast  iron,  however,  is  the  material 
generally  employed,  that  is,  for  street  mains  and  branches. 
House  service  pipes,  pipes  feeding  fountains  (or  what  are 
known  as  ‘ fountains  ’ in  India),  branches  to  stand  pipes  when 
below  inches  diameter  are  of  lead  or  wrought  iron ; this 
latter  material  is  coming  more  and  more  into  use  displacing 
lead.  In  Southern  India  wrought-iron  pipes  are  used  in  all 
such  cases.  Riveted  steel  pipes  are  also  used  for  mains  es- 
pecially for  those  of  large  diameter  ; these  pipes  are  very  light, 
easily  handled,  can  be  made  in  longer  lengths  than  cast  iron 
pipes  and  can  be  easily  laid  and  perfectly  jointed.  They  are 
used  with  advantage  where  a pipe  has  to  be  laid  under  water 
(this  is  due  to  their  extreme  lightness).  Where  freights  are 
heavy,  transport  difficult,  and  roads  bad  or  where  proper 
appliances  for  moving  heavy  objects  are  not  available,  steel 
pipes  are  to  be  preferred.  Their  cost  is  more  than  that  of 
cast  iron  pipes ; though  their  weight  is  very  much  less,  this 
fact  does  not  usually  reduce  their  cost  below  that  of  cast  iron 
pipes  of  the  same  size  at  the  place  of  production  ; sometimes, 
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however,  the  cost  of  freight,  dues  and  transport  charges  (es- 
pecially if  pipes  of  varying  diameter  are  used  and  can  be 
‘ nested  ’ for  . transport)  will  be  such  that  steel  pipes  can  be 
delivered  at  the  site  of  the  works  at  a less  cost  per  foot  than 
cast  iron  pipes. 

Joints  of  pipes. — Cast  iron  pipes  are  connected  together 
by  flanged  joints  or  spigot  and  faucet  joints  ; the  latter  class 
of  joint  is  subdivided  into  ‘plain’  (S  and  F)  and  ‘turned 
and  bored  ’ (T  and  B)  joints.  The  diagram  opposite  gives 
sections  of  turned  and  bored  and  spigot  and  faucet  joints.  A 
flanged  joint  pipe  is  shown  below  : — 


h langed  pipes  are  not  used  to  any  extent  on  water  works 
except  m special  positions.  Flanged  joints  are  ordinarily 
‘ faced,’  that  is,  their  surfaces  which  come  into  contact  are 
accurately  planed.  The  joint  is  made  water-tight  bv  the 
insertion,  between  the  flangos,  of  yarn  and  lead,  India  rubber, 
asbestos  or  soft,  lead  rings ; these  are  compressed  when  the 
joints  are  screwed  up  tight.  Flanged  pipes  can  be  easily 
taken  out  of  a line  of  pipes,  but  they  do  not  allow  for  expan- 
sion and  contraction,  and  the  joints  are  expensive  to  make, 
fepigot  and  faucet  joints  are  therefore  usual  on  water-supply 
mams.  In  turned  and  bored  joints  a portion  of  the  outside 
of  the  spigot  end  of  the  pipe  is  accurately  turned,  and  the 
inside  of  the  faucet  end  similarly  bored,  so  that  when  one 
pipe  is  thrust  into  each  other  the  joint  is  water-tight.  The 
remaining  portion  of  the  joints  of  turned  and  bored  pipes 
is  sometimes  filled  with  cement  mortar.  With  plain  spigot 
and  faucet  joints,  lead  is  run  into  the  joint  after  yarn  has 
been  well  rammod  home. 

J be  following  specification  includes  the  conditions  which 
should  be  observed  in  the  manufacture  of  cast  iron  pines 
It  is  the  one  m use  in  the  author’s  department  in  Madras 
and  has  been  found  to  meet  all  requirements  : ’ 


PIPE  JOINTS. 

Turned  and  B«red  Pipes 


Plain  Pipes 
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SPECIFICATION  FOR  CAST  IRON  PIPES,  SPECIALS,  SLUICE 

VALVES,  AIR  VALVES,  HYDRANTS,  FOUNTAINS,  Ac.,  TO  BE 

SUPPLIED  TO  THE  MUNICIPAL  COUNCIL  OF 

The  pipes  required  consist  of  the  quantities  and  sizes  as 
set  forth  in  the  schedule  accompanying  this  specification. 
The  quantities  and  sizes  of  pipes,  specials,  valves,  &c.,  men- 
tioned are  believed  to  be  the  quantities  and  sizes  required. 
But  the  Engineer  shall  nevertheless  have  the  power  to  vary, 
extend  or  diminish  the  stated  • quantities,  diameters  or  thick- 
ness of  the  pipes  and  specials,  provided  that  the  gross  weight 
of  such  pipes  and  specials  or  in  respect  to  valves,  fountains, 
&c.,  the  gross  quantity  of  each  size,  be  not  increased  or  dimi- 
nished by  such  alteration  more  than  20  per  cent,  as  occasion 
may  require  from  time  to  time.  The  pipes  shall  be  made  in 
accordance  with  the  standard  drawings  which  will  be  fur- 
nished on  application.  The  permitted  deviation  in  weight 
for  each  size  of  pipe  is  that  noted  in  the  schedules,  but  the 
total  weight  of  pipes  to  be  paid  for  shall  not  exceed  the  total 
scheduled  weight  by  more  than  1 per  cent. 

2.  Eighty  per  cent,  of  each  class  and  size  of  pipe  shall  have 
turned  and  bored  joints  and  twenty  per  cent,  shall  have  ordi- 
nary spigot  and  faucet  joints. 

3.  All  bends  and  branches  and  other  specials  shall  have 
plain  spigot  and  faucet  joints.  They  shall  be  formed  in 
accordance  with  the  requirements  noted  on  the  standard 
drawings. 

4.  Each  pipe  and  special  shall  have  cast  on  it  the  letters 
. M.C.  in  Roman  characters  1|  inches  long  and  £ inch 

projection  and  the  diameter  of  each  pipe  and  special  shall  also 
similarly  be  cast  beneath  such  letters.  Numbers  consecutive 
for  each  lot  of  pipes  and  specials  of  the  same  diameter  shall  be 
marked  conspicuously  on  the  pipes  before  delivery  ; the  weight 
of  each  pipe  and  special  above  5 inches  in  diameter  shall 
be  marked  on  it ; such  numbers  and  figures  shall  be  in  white 
paint.  All  branch  pipes  shall  have  their  sizes  marked  thus  — 
8 in.  x 6 in. ; taper  pipes  shall  be  similarly  marked.  Bends 
shall  be  marked  £,  or  as  the  case  may  be. 

5.  Straight  pipes  4 inches  and  above  in  diameter  shall  be 
cast  vertically  in  dry  sand  moulds,  but  pipes  3 inches  and 
below  in  diameter  may  be  cast  on  declivity  in  green  sand. 
All  pipes  shall  bo  cast  without  the  use  of  core  nails,  thickness 
pieces,  or  any  substitute  therefor. 
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6.  Tho  metal  shall  bo  from  mine  pig  without  admixtu.ro 
of  cinder  iron  or  othor  inforior  matorial  and  shall  bo  stout, 
tough  and  close  grained  and  of  such  strength  that  a bar  1 inoh 
square  and  38  inches  long  weighing  not  more  than  10  lb. 
whon  supported  at  points  36  inches  apart  and  loaded  in  tho 
middle  shall  sustain  a woigiit  of  not  less  than  700  lb. 

7.  The  pipes  and  specials  shall  bo  free  from  sooriae,  sand 
holes,  air  bubbles  and  all  other  imperfections.  They  shall  bo 
truly  cylindrical  in  bore,  smooth  within  and  without  and  shall 
ha vo  their  inner  and  outer  surfaces  truly  concentric.  They 
shall  be  perfectly  fettled  and  cleansed,  so  that  no  humps  or 
rough  places  shall  be  left  in  the  barrels  or  sockets,  and  the 
runners  shall  be  carefully  cut  off  so  aa  to  preserve  a square 
angle  on  the  inner  edge  of  the  sockets  against  which  tho 
j oint  is  to  be  made ; and  to  ascertain  and  ensuro  that  the 
sockets  will,  in  all  cases,  receive  the  spigots,  and  that  the 
spigots  will,  in  all  cases,  enter  into  tho  bottom  of  the  sockets, 
a circular  iron  templato  of  proper  dimensions  shall  be  passed 
to  the  bottom  of  every  socket  and  a circular  ring  of  proper 
dimensions  shall  be  passed  over  every  spigot.  The  taper  of 
the  turned  and  bored  portion  of  the  pipes  shall  be  l/32nd 
part  of  an  inch  for  each  inch  of  its  length. . To  ensure  these 
conditions  it  is  required  that  a large  proportion  of  the  pipes 
shall  be  put  together  with  iron  wedges  of  sizes  representing 
tho  proper  thickness  of  the  joint  as  shown  on  drawings 
annexed  to  this  specification. 

8.  The  pipes  shall  be  carefully  coated  externally  and 
internally  with  coal,  pitch  and  oil,  according  to  I)r.  K.  Angus 
Smith’s  process,  the  composition  to  be  applied  at  proper 
heat  and  as  soon  as  possible  after  the  pipes  are  cast  and 
before  any  rust  sets  in. 

9.  The  pipes  shall  be  tested  by  a hydrostatic  pressure 
of  130  lb.  on  the  square  inch  equal  to  a column  of  water 
800  feet  in  height  and  whilst  subject  to  such  pressure  shall 
be  struck  from  end  to  end  with  a hammer  from  5 to  7 lb.  in 
weight  according  to  the  size  and  strength  of  the  casting. 
The  testing  of  the  pipes  and  special  castings  is  to  be  done 
by  the  contractor  at  the  foundry  at  his  expense  under  the 
inspection  of  a person  to  be  appointed  by  the  Engineer.  Fur- 
ther, the  pipes,  after  being  laid  and  jointed  in  their  several 
positions  and  while  uncovered,  shall,  from  time  to  time,  be 
tested  in  such  lengths,  and  at  such  pressures  not  exceeding 
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the  actual  working1  pressure  duo  to  the  head  of  water  by  more 
than  50  per  cent,  as  the  Engineer  may  con,  .,x  advisable. 

10.  All  pipes  wherever  any  sand  or  air  holes  may  be 
found  plugged  up  or  otherwise  shall  be  rejected. 

11.  The  curved  pipes  and  other  special  castings  shall 
be  executed  accurately  according  to  the  standard  drawings, 
dimensions  and  tables  which  will  be  furnished  to  the  con- 
tractor by  the  Engineer.  They  must  not  be  made  of  greater 
thickness  than  the  straight  pipes,  and  every  care  must  be 
taken  to  ensure  that  these  pipes  shall  properly  join  with  the 
straight  pipes  and  other  castings  with  which  they  may  be 
intended  to  connect  by  actually  placing  such  pipes  in  proper 
connection  with  standard  straight  pipes  of  a like  diameter. 

* 12.  The  pipes  shall  be  conveyed  to,  and  delivered  by,  and 

at  the  expense  of,  the  contractor  at  the Railway 

station,  when  they  will  be  taken  charge  of ; until  then  they 
shall  be  at  the  contractor’s  risk. 

13.  The  sluice  valves  to  be  supplied  shall  be  of  the  sizes 
mentioned  in  the  schedule  ; the  valves  shall  be  of  a pattern 
similar  to  those  shown  on  standard  drawings  or  to  the  designs 
shown  in  the  catalogues  of  one  of  the  following  firms,  viz.: — 

Grlenfield  Iron  Company,  Kilmarnock  ; Stone  and  Co., 
Deptford ; Beck  and  Co.,  London  ; Laidlaw  and  Sons, 
Glasgow. 

14.  They  shall  be  double-faced  gun  metal  valves,  both 
faces  boing  accurately  scraped ' to  a bearing  and  shall  be 
proved  to  a head  of  600  feet  of  water.  They  shall  be  of  the 
best  materials  and  workmanship.  One  valve  key  shall  be 
provided  for  each  ten  valves.  The  heads  of  the  valve 
spindles  shall  be  arranged  so  that  at  most  not  more  than  two 
or  three  different  sizes  of  kovs  in  all  will  be  required.  Each 
valve  shall  have  one  spigot  and  one  faucet  tail  piece  with 
flanges  to.  be  bolted  on ; the  spigot  and  faucet  ends  shall 
be  made  in  accordance  with  the  dimensions  shown  on  the 
standard  drawings  for  cast-iron  pipes.  The  tail  pieces  shall 
be  supplied  with  1 0 per  cent,  of  bolts  in  excess  of  the  number 


* Note—  For  the  information  of  tenderers  it  may  be  stated  that 

is  miles  distant  vi& Railway  from  the  nearest  port  of 

and.,. . . . miles  from  the  port  of. The  average  rate  there  for ' landing 

and  loading  pipes,  Sfc.,  per  ton  is  about  Rs The  Railway  charges 

we P^s  per  ton  per  mile  or  at  owner's  risk. ..annas  per  truck  ) 

per  mile  ; these  rates  are  not  guaranteed. 
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actually  required  to  bolt  the  valves  and  tail  pieces  together. 
For  each  valve  there  shall  be  a cover  of  one  of  the  patterns 
shown  on  standard  drawings ; the  numbers  and  patterns  are 
detailed  in  the] schedules. 

15.  The  air  valves  shall  bo  shielded  automatic  air  valves. 
They  shall  be  such  as  to  contain  balls  of  the  sizes  noted  in 
the  schedule.  Air  valves  shall  have  surface  boxes  in  num- 
bers noted  in  schedule  and  as  shown  on  standard  drawings. 
For  each  If  inches  air  valve  shall  be  provided  a If  inches 
diameter  stop  forrulo  (Glenfield  Pattern),  for  screwing  into 
the  main. 

16.  All  stop  ferrules  scheduled  shall  be  similar  to  the 
above  and  have  outlets  screwed  for  wrought-iron  pipes,  and 
shall  be  of  the  sizes  noted  and  .shall  be  loose  valve  screwed 
down  angle  stop  valve  ferrules  with  loose  dome  shaped  cover 
accompanying. 

17.  Hydrants  shall  be  Tylor  and  Sons  diaphragm  hy- 
drants or  other  previously  approved  pattern  screwed  brigade 
gauge.  The  hydrant  cover  shall  be  fixed  on  to  the  hydrant 
itself.  For  use  on  the  hydrants  single  outlet  copper  stand 
pipes  are  required.  The  stand  pipes  at  their  lower  ends  shall 
be  screwed  to  fit  hydrants  ; they  shall  have  revolving  elbows 
which  elbows  shall  be  similarly  screwed  to  brigade  gauge. 
Each  stand  pipe  shall  have  ten  feet  of  hose  2f  inches  dia- 
meter with  one  brass  male  half  coupling  to  fit  hydrants  and 
stand  pipes.  The  inside  diameter  of  the  hydrant  discharge 
pipe,  and  of  the  copper  stand  pipes  and  hose  shall  be  2f 
inches. 

18.  The  fountains  shall  be  Pillar  or  Wall  Tap  fountains 
of  the  patterns  and  designs  shown  on  the  standard  drawings. 

19.  The  Pillar  fountains  shall  oach  have  two  taps.  Each 
fountain  shall  bo  accompanied  by — 

5 feet  of  2 wrought-iron  pipe,  galvanized  (vertical 
length) ; 

30  feet  of  2"  wrought-iron  pipe,  galvanized  (horizon- 
tal length)  ; 

2 wrought-iron  elbows,  2-inch,  galvanized  ; 

4 do.  do.  2-inch  couplings  do. 

1 cast-iron  grating,  1'  6"  X 9"  X 1 as  shown  on 
standard  drawings. 
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20.  Each  single  Wall  Tap  fountain,  Glenfield  Pattern, 
shall  be  accompanied  by — 

5 feet  of  2"  wTought-iron  pipe,  galvanized  (vertical 
length)  ; 

30  feet  of  2"  wrought-iron  pipe,  galvanized  (horizon- 
tal length)  ; 

3 wrought-iron  elbows,  2-inch  galvanized  ; 

1 do.  knee,  2"  X 1 do. 

4 do.  2-inch  couplings,  galvanized ; 

1 cast-iron  grating,  1'  6"  x 15"  x 1"  as  shown  on 
standard  drawings. 

21.  For  each  double  Wall  'Pap  fountain  (2  Wall  Taps, 
Glenfield  Pattern)  in  addition  to  what  is  required  to  be 
supplied  for  a single  Wall  Tap,  the  undernoted  shall  be 
supplied  : — 

1 wrought-iron  T (2"  x 1 j"  x lj"),  galvanized; 

2 w'rought-iron  elbows,  (1|"  diameter),  galvanized; 

14  feet  of  wrought-iron  piping  (1  j"  diameter),  galva- 
nized. 

22.  The  extra  items  specified  in  clauses  Nos.  19  to  21  are 
not  separately  entered  in  the  schedules  ; they  are  included 
in  the  items  ‘ Fountains  complete.’ 

23.  Spare  rubber  rings  and  plugs  sufficient  for  two  years’ 
consumption  shall  be  supplied  with  each  fountain  and 
hydrant.  The  contractor  in  making  his  tender  for  valves, 
hydrants,  fountains,  &c.,  shall  enter  such  rates  in  the 
schedule  as  will  include  the  cost  of  all  necessary  accessories 
which  are  not  specifically  detailed  in  the  schedule. 

24.  Smaller  articles  such  as  Wall  Tap  fountains,  small 
valves,  stop  cocks,  w'rought-iron  bends,  elbows,  bolts,  &c., 
shall  be  carefully  packed  in  numbered  cases  and  boxes. 
Larger  articles  may  be  sent  in  the  manner  most  convenient 
to  the  contractor.  All  articles  shall  be  delivered  by  the  con- 
tractor or  his  agent  (to  whom  the  bills  of  lading  and  other 
documents  should  be  sent)  to  an  agent  to  bo  appointed  by 

the  Engineer  at  the  station  of  the  

Railway.  Each  article  shall  be  numbeied  and  each  case 
shall  have  its  contents  described  on  the  outside  of  the  ease. 
Until  the  time  of  delivery  and  until  the  cases  have  been 
opened  and  inspected  and  approved  of  (and  this  shall  be  done 
within  a reasonable  period  after  delivery)  the  articles  shall 
be  at  the  risk  of  the  contractor. 
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25.  Nevertheless  tho  Engineer  shall  be  entitled  to  instruct 
an  agont  to  inspect  the  articles  either  during  or  immediately 
after  manufacture  and  the  agent  may  then  and  there  reject 
any  articles  which  he  considers  do  not  comply  with  this  specifi- 
cation, but  the  fact  of  his  not  rejecting  any  articles  shall 
not  absolve  the  contractor  from  risk  or  liability  as  the  articles 
will  be  finally  accepted  only  upon  delivery  at  

20.  Delivery  by  the  contractor  shall  be  made  of  the 
whole  materials  within  of  date  of  accept- 

ance of  tender. 

27.  In  case  the  Engineer  shall  have  reasonable  grounds 
to  suppose  that  tho  contractor  has  not  used  due  diligence  in 
making  and  delivering  such  pipes  and  special  castings,  valves, 
fountains,  hydrants,  &c.,  or  any  of  them,  it  shall  bo  in  the 
power  of  the  Engineer  to  order  and  purchase  the  same  or  any 
substitute  for  the  samo  elsewhere,  and  to  deduct  or  cause  to 
be  deducted  any  extra  charges  thereby  incurred  from  any 
sum  or  sums  of  money  which  may  then  be  or  may  afterwards 
become  due  or  owing  to  tho  said  contractor  and  any  pipes 
so  ordered  or  purchased  shall  bo  considered  to  form  part  of 
tho  number  to  be  supplied  by  the  said  contractor ; and  in 
the  event  of  tho  amount  of  the  contract  sum  not  being 
sufficient  in  such  case  to  complete  the  w'ork  in  the  manner 
and  under  the  conditions  described  in  this  specification,  and 
also  to  meet  tho  liabilities  which  may  have  been  incurred 
under  the  contract  or  in  case  the  council  or  others  to  whom 
they  may  be  responsible,  sustain  any  loss  or  damage  from 
tho  work  not  being  completed  within  the  time  agreed,  or 
otherwise  from  the  non-fulfilment  of  the  contract,  then  the 
contractor  shall  indemnify  the  council  or  the  said  persons 
sustaining  injury  from  such  loss  or  damago. 

28.  Tho  contractor  shall  be  entitled  to  payment  of  his 
work  in  the  following  manner,  that  is  to  say,  to  an  instal- 
ment amounting  to  90  per  cent,  of  tho  value  of  pipes,  valves, 
castings,  fountains,  &c.,  accepted  within  tw'o  months  of  deli- 
very and  acceptance  and  to  the  balance  arising  from  such 
contract  wfithin  three  months  of  the  date  of  tho  completion 
of  such  contract.  Payment  as  abovo  will  bo  made  in  India 
by  the  Egineer  to  the  contractor  or  his  agent  or  in  England 

by  the  Engineer’s  agents  within months  of  a notification 

of  delivery  and  value  of  acceptance.  This  notification  wdll 
usually  bo  sent  by  telegram.  Provided  always  that  the  said 
Engineer  or  the  Assistant  Engineer,  who  may  be  in  charge  of 
the  works,  shall  have  pow'er  to  reject  all  or  any  of  such  pipes, 
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valves,  hydrants,  fountains,  &c.,  in  the  event  of  the  same 
being  in  his  judgment  of  inferior  quality  or  otherwise  or 
not  in  conformity  with  this  specification  or  the  drawings, 
and  provided  also  that  such  instalments  or  balances  or  any 
• portion  thereof  respectively  shall  not  be  considered  to  be  due 
or  owing  to  the  said  contractor  unless  and  until  seven  days- 
after  the  said  Engineer  or  Assistant  Engineer  shall  have 
given  his  certificate  in  writing  that  the  said  contractor  is 
reasonably  entitled  thereto,  but  nevertheless  such  certificate 
shall  only  be  deemed  to  authorize  a payment  on  general 
account,  subject  to,  and  pending,  the  future  complete  fulfil- 
ment by  the  said  contractor  of  the  terms  and  conditions  of 
the  specification,. and  of  the  contract  founded  thereon. 

29.  Further,  and  also  in  event  of  the  failure  of  any  of 
the  pipes,  valves,  fountains,  hydrants,  &c.,  within  12  months 
of  their  delivery,  and  if  the  failure  should  arise  from  any 
defect  in  their  construction  of  which  the  Engineer  shall  be 
the  sole  judge,  the  contractor  shall  be  held  responsible  for 
the  damage  and  shall  on  demand  refund  to  the  Municipal 
Council  any  expense  to  which  they  have  been  subjected  by 
reason  of  such  failure. 


Thickness  of  cast  iron  pipes. — The  thickness,  which 
oast  iron  pipes  should  have,  is  a question  which  has  called 
forth  many  opinions  and  formulae.  If  the  pipes  were  made 
thick  enough  to  resist  only  the  maximum  pressure  they  would 
ordinarily  be  subjected  to,  they  would  be  so  thin  that  they 
could  not  be  safely  handled.  Again  it  is  not  possible  to 
ensure  that  pipes  shall  be  exactly  of  the  same  thickness 
throughout.  But  pipes,  in  addition  to  tho  maximum  pressure 
due  to  the  head  on  the  pipe,  have  to  withstand  shocks  due  to 
water  being  sharply  shut  off.  This  is  called  ‘ ramming  ’ ; of 
course  precautions  are  taken  (especially  on  pumping  mains) 
by  providing  relief  valves,  &c.,  to  ensure  that  this  is  not 
excessive,  though  it  cannot  altogether  be  prevented. 

The  following  formulae  for  the  thickness  of  pipes  have 
been  proposed : — 


By  Molesworth — 


*=•00125  Pd  + x\ 


f -x  — -37  inch  for  pipes  below 
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By  Rankine — 
t = V'C^OSi 


By  Fanning — 

• (P+100_y  33(L 

•4$  x 


-> 

100' 


By  Burton  (modified)  — 


(P+100)  if  3 
2s 


/=factor  of  safety  adopted  and 
may  be  equal  to  4,  as  allowance 
is  already  made  for  ramming. 


In  all  the  formulae — 

t = thickness  of  metal  in  inches, 

% 

P=  pressure  in  lb.  per  square  inch, 

d = internal  diameter  in  inches, 

s = tensile  strain  of  metal  in  lb.  per  square  inch. 

One  formula  is  hardly  to  be  recommended  in  preference  to 
another,  and  unless  under  special  conditions  pipe-maker’s 
catalogues  are  perhaps  as  good  a guide  as  can  be  recommended, 
because  they  give  the  sizes  and  dimensions  of  pipes  ordinarily 
made  and  used. 


Dimensions  and  weights  of  cast  iron  pipes. — On 

the  accompanying  plates  are  shown  the  dimensions,  weights, 
&c.,  of  the  pipes,  bends  and  branches  used  in  the  author’s 
department  throughout  the  Madras  Presidency.  Class  B 
pipes  are  ordinarily  specified  and  are  of  sufficient  strength, 
uidess  the  pressures  (that  is  including  an  allowance  for  ram- 
ming) are  likely  to  exceed  250  feet.  The  weights  include 
the  weight  of  the  socket  end.* 

Steel  pipes  are  more  likely  to  rust  than  cast  iron  pipes 
and  their  thickness,  being  so  very  much  less,  their  liability 
to  burst  is  greater;  it  is  said,  however,  that  they  will  last  as 
long  as  cast  iron  pipes  which  may  become  spongy  or  oxydised  ; 
under  most  conditions  especially  if  a protective  coating  such 
as  Dr.  Angus  Smith’s  composition  has  been  thoroughly 
applied,  experience  goes  to  prove  there  is  little  danger  or 
risk  in  using  steel  pipes.  Sketches  and  sections  of  steel  pipe 
joints  are  illustrated  on  the  next  page. 


* The  weight  of  a socket  is  usually  taken  as  equal  to  a length  of  1 foot 
of  the  pipe  of  which  it  forms  a portion. 


CHAPTER  VII.— WATER-SUPPLY. 


THE  RILEY  PATENT  JOINT  FOR  WATER  PIPES 


THE  DUNCAN  PATENT  JOINT  FOR  WATER  PIPES 


THE  FLANGED  JOINT 


'ipfs  without  joints — any  length 


RTEFl  PIPFS, 
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The  following  table  gives  the  standard  gauges  and  thick- 
nesses of  riveted  steel  pipes  as  ordinarily  manufactured  with 
their  prices : — 
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Internal  diameter, 
inches. 

Imperial  wire 
gauge. 

Ecpiivalent  in 
indies. 

Price  per  foot  of 
above  gauge. 

Price  per  foot  of 
1 extra  gauge. 

Price  per  foot  of  2 
; extra  gauges. 

Price  per  foot  of  3 
extra  gauges. 

Price  per  foot  of  Pd" 
thick. 

Price  per  foot  of  £ 
thick. 

Price  per  foot  of  yv 
thick. 

3 A 
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The  following  table  gives  the  prices  in  England  of  joints 
per  pipe  fitted  on  : — 


Internal  diameter, 

9 

10 

11 

12 

13 

14 

15  | 

16 

inches. 

1 

Riley  Patent  joint, 

10/- 

12/3 

14/5 

16/8 

18.11 

21/1 

23  4 1 

25/7 

each . 

Converse  do.  do. 

9/5 

11/6 

13/6 

15/7 

17/7 

19/8 

21/8 

23/8 

Steel  sleeve  do.  do. 

... 

1 4/5 

16/4 

18/2 

20/- 

21/10 

Flanged  do.  do. 

n/i 

13/ 10 

16/8 

19/3 

22/2 

25/- 

27  9 

30/6 

Brown  do.  do. 

u i 

' 

13/1 
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18  10 

20/10 

22/9 

24/8 

Internal  diameter, 
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30 
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Riley  Patent  joint, 

27/9 

30/- 

32  2 
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36.8 

43/4 

1 

50/- 

56/8 

each. 

Converse  do.  do. 

•25/9 

27/9 
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3!  10 

33  10 

40  2 

46, 1 

52  2 

Steel  sleeve  do.  do. 

28.  8 

25/6 

27/5 

29/3 

32  - 

36/8 

42  2 

47/9 

Flanged  do.  do. 

33/4 

36/1 

38/10 

41/8 

44/5 

52/9 

61/1 

69,5 

Brown  dm  do. 

1 

1 2G/8 

28/7 

30/6 

32/6 

34  5 

40/3 

46  1 

51/11 

The  prices  of  socket  joints  ido  not  include  lead  and  yarn 
for  packing  ; but  flanged  joints  are  supplied  complete,  with 
bolts,  nuts  and  rubber  washers. 

Intermediate  diameters  charged  at  next  higher  prices. 

Intermediate  thickness  charged  at  next  higher  prices. 

Service  pipes. — Service  pipes  are  those  which  convey 
the  water  from  the  street  mains  to  the  premises  of  the  con- 
sumer. They  may  either  be  of  lead  or  wrought  iron  ; some 
waters  have  a solvent  effect  on  lead  and  there  is  then  a pos- 
sibility of  lead  poisoning.  But  lead  is  so  durable  and  so 
easily  laid  and  handled  that  it  is  still  the  material  commonly 
preferred  in  England  for  service  pipes.  In  India  where  pro- 
perly-trained plumbers  arc  not  available  to  any  large  extent, 
and  probably  not  at  all  in  many  towns,  wrought-iron  pipes 
are  to  be  preferred. 

Weights  of  service  pipes. — The  following  weights 
are  those  ordinarily  prescribed  for  lead  and  wrought-iron 
pipes  respectively  : — 
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PIPE  APPLIANCES 
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Lead  pipes. 

Diameter 
in  inches. 

Pressures 
20  to  30 
feet. 

Pressure 
50  toot. 

Weight 
prescribed 
by  the 
Metro  polis 
Act  l ST  1 . 

Remarks. 
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4 js 

*»  .1 
0 - 
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51 
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13 
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!) 

12 

Hi 

The  pressures  given 
are  a very  small  pro- 
portion of  tlm  actual 
bursting  pressure,  the 
factor  of  safety  is  very 
bigli. 

14 

u 

174 

21 

Wrought- 

ron  pipes. 

i'  iamotcr 
in  inches. 

Minimum 
weight, 
lb.  per 
yard. 

Diameter 
in  inches. 

Minimum 
weight, 
lb.  per 
yard. 

1 

*4 

2'5G 

14 

8-83 

4 

3*50 

*> 

mJ 

13*33 

l 

533 

24 

iy-77 

U 

7-50 

3 

27-50 

Water  works  appliances.— The  appliances  used  in 
.water  works  consist  of  sluice  valves,  reflux  valves,  relief  or 
safety  valves,  air  valves,  stand  pipes,  hydrants,  stop  cocks, 
ferrules,  surface  boxes,  &c.  All  these  are  illustrated  on  the 
plates  accompanying. 

Sluice  valves. — Sluice  valves  are  the  most  common  of 
the  numerous  appliances  used  in  water  works.  The  valve  is 
simply  a 6 gate  ’ (this  is  the  American  term)  let  down  across 
the  full  bore  of  the  pipe.  When  fully  opened  it  leaves  the 
boro  of  the  pipe  perfectly  unobstructed.  All  sluice  valves  arc 
now  made  approximately  to  the  same  pattern.  Gun-metal 
faces  for  these  valves  are  necessary,  otherwise  the  valve  might 
stick  if  left  open  or  shut  for  any  length  of  time.  When  valves 


368 


Cl! A l' TER  VII  - - TVA  TEES  UTTL  Y. 


are  of  large  size,  they  require  to  lie  opened  and  shut  very 
slowly,  and  gearing  is  added  and  placed  on  the  top  of  the 
valve  as  shown  below  : — 


When  a large  valve  is  in  a pipe  which  has  great,  pressure 
upon  it,  it  is  advisable  and  often  necessary  to  have  the  valve 
in  ouo  or  two  portions,  one  portion  opening  before  the  other, 
so  that  ‘ ramming  ’ may  be  avoided  and  so  that  the  valve 
may  be  more  easily  worked  under  great  pressure. 

Reflux  valves. — Reflux  valves  are  used  in  situations 
such  as  on  large  pumping  mains  which  rise  from  the  pumping 
station  towards  the  town,  so  that  the  water  in  case  of  an 
accident  mav  not  run  back  from  the  town  towards  the  pumps. 

Safety  or  relief  valves.— Safety  or  relief  valves  are 
placed  011  pumping  and  other  mains  to  prevent  any  chance  of 
bursting  in  the  case  of  ‘ ramming  ’ duo  to  excessive  pmnpiim, 
undue  speed  in  closing  valves  or  otherwise;  a relief  valve 
must  be  loaded  to  a pressure  above  the  ordinary  working  pres- 
sures likely  to  come  against  it  Spring  valves  as  illustrated 
are  preferable  to  dead-weight  valves,  but  piobablya  combin- 
ation of  the  two  classes  is  the  best  form. 


air 


Air  valves.— Air  valves  are  required  at  any  point  where 
is  likely  to  accumulate  owing  ti  a rise  in  the  pipe  whoth  *• 
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FOUNTAINS,  TATS  AND  HYDRANTS.  3(}9 

the  valve  is  made  of  some  material  lighter  than  water  (com- 
pressed guttapercha  is  a usual  material)  ; the  hall  thus  lloats, 
as  long  as  there  is  uo  air  in  the  pipe  hearing  against  the  cover 
above  it  and  closing  a small  hole  through  the  valve  cover.  It' 
air  accumulates,  it  rises  to  the  casing  holding  the  hall,  which 
then  1 )cing  without  support  falls,  and  the  air  is  discharged 
through  the  hole  until  the  water  rises  again.  The  size  of 
the  halls  are  varied  with  reference  to  the  maximum  pressure 
on  the  mains. 

Stand  pipes  or  fountains. — Stand  pipes,  ur\  often 
called  ‘ foi  ntains,'  may  he  of  varied  design.  Those  in  use  by 
the  author’s  department  are  shown  on  plates  accompanying, 
where  there  is  also  shown  a design  tor  the  Karachec 
fountain,  which  is  a suitable  plan,  where  a large  number  of 
people  have  to  he  supplied  or  where  puceally  bullocks  draw 
water.  The  size  of  the  fountain  discharge  cocks  and  their 
number  must  be  proportioned  to  the  number  of  poisons  using 
a particular  fountain;  the  number  of  discharge  cocks  must 
be  such  that  no  person  has  to  wait  more  than  a minute  or  so 
to  obtain  an  ordinary  chatty  full  of  water. 

Self-closing  taps  necessary. — One  important  matter 
to  t>c  attended  to  in  the  construction  of  fountains  is  that  the 
taps  shall  ho  .self-closing  and  adapted  to  the  maximum 
pressure  under  which  they  will  he  worked;  this  is  a necessity 
in  India  where  people  are  careless  of  water  and  groat  waste 
ensues.  The  details  of  the  pillar  and  wall  taps  adopted  for 
use  in  the  Madras  Presidency  are  shown.  These  designs  arc 
such  that  the  fountains  and  their  parts  can  he  easily  taken  to 
pieces  and  repaired,  and  if  properly  weighed  and  kept  in  order 
are  perfectly  water-tight. 

Cistern  fountains  are  sometimes  found  convenient  ; 
these  are  in  their  simple  foim,  cisterns  placed  at  or  above 
ground  level,  the  cisterns  being  tilled  at  tin.es  of  least  demand 
and  controlled  bv  a ball  valve.  The  taps  are  placed  in  the 
walls  of  the  cisterns.  These  cisterns  are  suitable  for  places 
where  the  pressure  is  low  during  the  hours  of  maximum 
demand,  as  they  can  he  filled  during  the  night.  They 
should  bo  designed  to  contain  a 12  hours’  supply  for  tho 
population  using-  them. 

Hydrants  — There  arc  many  forms  of  hydrants,  but 
those  more  commonly  used  are  tho  4 Ball  ’ and  ‘ Screwdown’ 
hydrants;  both  of  these  classes  are  illustrated  on  tho 
plate  facing  page  306.  Hydrants  .are  used  (1)  for  fire  pur- 
poses; if  the  pressure  is  considerable,  the  hose  pipe  may  he 
attached  directly  to  the  hydrant  and  the  water  discharged 
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on  to  the  lire  through  a nozzle  of  proper  size  ; if  the  pressure 
is  low.  the  hose  pipe  will  lead  the  water  to  the  supply  tank 
of  the  fire  engine  where  the  necessary  pressure  will  bo 
applied;  (2)  for  filling  water  carts,  flushing  drains,  &c. 
H ydrants  should  be  put  down  as  closely  together  as  possible 
for  both  purposes ; security  is  ensured  in  the  one  case  and 
economy  in  the  other  (tide  street  watering)  ; the  more 
valuable  the  property,  tho  more  dense  the  population,  the 


two,  hydrants  could  be  in  use  at  one  time,  the  ordinary 
diameter  of  the  outlet  of  a hydrant  being  21  inches. 

Ball  hydrants — A ball  hydrant;  may  be  erected  perma- 
nently above  the  street,  or  tho  portion  above  the  street  level 
maybe  attached  as  required ; the  hydrant  is  opened  by  the 
ball  (held  up  by  the  pressure  of  water)  being  pressed  down. 

Screw-down  hydrants. — Screw-down  hydrants  are 
usually  below  street  level  and  are  cheaper  and  more  easily 
fixed  and  used  than  ball  hydrants  which  require  special  ap- 
paratus to  open  them.  In  using  those  screw-down  hydrants, 
copper  stand  pipes  may  also  be  attached,  and  to  this  the  hose 
may  he  attached  instead  of  to  the  hydrant  itself  when  the 
hose  is  apt  to  ‘ kink  ’ and  limit  the  discharge. 

Stop  cocks.— Stop  cocks  are  small  valves  used  on  service 
pipes  and  are  made  in  many  various  designs. 

Ferrules. — Ferrules  are  used  for  connecting  service  pipes 
to  tho  main,  whether  these  are  of  lead  or  iron.  Service  pipes 
ought  never  to  be  screwed  to  tho  main  direct.  A very  good 
design  of  a ferrule  is  that  designed  by  Mr.  Hughes,  c.i.k.  ; it 
is  illustrated  below  : — 
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Its  advantages  are  described  thus. — It  meets  a 
want  hitherto  lelt  in  those  water  works  supplying  water  in 
proportion  to  the  rent  paid  by  the  consumer. 

Mho  adjustment  of  the  cock  is  effected  bv  varying  the 
position  of  the  inner  barrel : this  can  be  done  without  empty- 
ing the  communication  pipe  or  interfering  with  the  prossuro 
on  the  main.  It  cannot  be  tampered  with,  and  may  be  set,  to 
flow  of  water  varying  from  the  smallest  quantity  prescribed 
by  the  regulations  up  to  full  bore. 

The  figures  marked  on  the  upper  edge  of  the  internal 
movable  barrel  correspond  to  the  various  flows  prescribed  by 
the  regulations. 

If  provided  with  an  iron  cover  or  ready  means  of  access, 
vo  stop  cock  7s  required  on  the  communication  pipe. 

The  adjustment  of  the  flow  is  quite  independent  of  the 
action  of  closing  and  opening  the  cock,  so  that  the  consumer, 
though  unable  to  tamper  with  the  inner  barrel  and  thus  inter- 
fere with  the  prescribed  flow  of  water,  can  close  the  cock  for 
repairs  in  the  house  service,  and  reopen  it  without  sending 
for  the  water  works  officials. 

Surface  boxes. — Surface  boxes  or  valve  and  stop  cock 
covers  are  of  varied  design  and  generally  made  of  cast 
iron.  In  India  it  is  very  necessary  that  they  should  have 
hinged  covers  which  can  be  locked,  otherwise  curiosity  causes 
injury  to  the  covers  (which  sometimes  also  disappear  entirely) 
and  often  to  the  valves  themselves. 

In  selecting  appliances  for  Indian  water-supplies,  it  is 
desirable  to  adopt  such  as  are  simple  in  construction  especially 
for  an  up-country  town  not  within  easy  reach  of  some  good 
workshop  ; it  is  always  advisable  to  keep  in  stock  a quantity 
of  spare  fittings  such  as  fountiin  handles,  India  rubber 
rings  and  discs,  India  rubber  sheeting,  yarn,  wrought-iron 
piping,  bonds,  knees,  couplings,  t'cc.,  so  that  repairs  may  bo 
readily  executed  and  waste  of  water  avoided. 

LAYING  AND  JOINTING  OF  PIPES. 

This  is  a very  important  work  in  any  water-supply  scheme  ; 
the  manner  in  which  it  is  executed  has  a very  material  effect 
on  the  cost  of  after  maintenance. 

Survey  necessary. — The  host  preparation  lor  pipe  lay- 
ing is  found  in  a careful  survey  and  levels  of  the  proposed  line. 
Cross  streets,  bridges,  culveits,  existing  pipes  and  drains  should 
all  be  indicated  on  the  plans  and  sections.  It  may  not  In 


372 


CT1AP  TER  VII.—  WATER-SUPPLY. 


possible  in  making  the  first  survey  to  locate  the  exact  line 
of  the  pipes,  but  this  must  bo  done  before  the  work  is  begun 
and  the  details  on  the  section  can  then  be  accurately  filled  in. 
fn  spite  of  all  care  in  this  direction,  it  will  be  possiblo  only 
to  minimise  difficulties  and  unforeseen  obstacles  which  are 
constantly  coming  in  view  as  pipe-laying  proceeds. 

Laying  out  pipe  lines,  &c. — After  the  lines  have 
been  finally  located,  the  exact  centre  line  of  the  pipes  and  the 
situation  of  each  bend,  branch,  valve,  hydrant,  &c.,  should  bo 
marked  on  both  plan  and  section  and  the  site  of  each  should 
be  carefully  determined  and  marked  on  the  ground  ; at  places 
such  as  street  crossings  or  other  places  where  numerous 
valves,  branches,  &c.,  are  to  be  placed,  it  may  be  necessary  to 
make  an  enlarged  drawing.  The  ‘ bends  ’ will  probably  have 
been  ordered  before  the  exact  centre  lines  of  the  pipes  have 
been  determined  (and  indeed  that  line  may  have  to  be  altered 
more  than  once  after  laying  it  out)  so  that  it  is  always  well  to 
have  a surplus  number  of  bends  on  hand. 

Locating  pipe  lines. —In  laying  out  the  centre  lines 
of  the  pipes,  they  should  be  laid  out,  as  far  as  possible,  at  the 
angles  shown  on  the  plan  and  for  which  the-bends  have  been 
ordered.  The  position  of  the  bends  may  be  fixed  by  having 
a wooden  model  made  of  each  class  and  laying  it  down  at  the 
angle  of  intersection  of  the  straight  lines  on  either  side  of 
it  and  marking  the  ends  with  iron  spikes  thus  at  a and  b, 
ax  = bx. 

X 


Pipes  should  be  laid  in  straight  lines. —It  is 

not  desirable  to  lay  pipes  along  curves,  thus,  for  instance,  in 
a street  such  as  shewn  below,  it  might  be  possible  to  put  in  a 
curve  (dotted  line)  throughout,  This,  however,  would  entail 
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that  no  spigot  was  properly  plaoed  in  its  corresponding  faucet 


and  it  is  much  more  satisfactory  to  lay  the  pipes  as  shown 
by  the  full  lines  with  three  bends.  Now,  pipe  layers  will  and 
do  lay  pipes  not  only  along  curves  of  large  radius,  but  along 
very  sharp  curves  and  through  very  crooked  streets  without 
bends  at  all ; it  is  sometimes  necessary  to  lay  pipes  at  an  angle 
when  ‘ bends  ’ are  not  available  or  suitable  but  it  is  not  a 
desirable  plan  unless  the  angle  is  very  slight ; pipe  layers  re- 
quire careful  watching  to  prevent  them  so  laying  pipo  lines. 

Bends. — Bends  are  ordinarily  designated  as  £th 

or  £ ; these  figures  represent  ‘ bends  * made  so  that  the  angles 
from  the  straight  lines  on  one  side  of  the  bend  are  respectively 
11£°,  22i°,  45°  and  90Q. 
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Laying  pipes  along  curves. — While  it  is  not  advisable 
it  is  possible  to  lay  ordinary  or  plain  straight  spigot  and  faucet 
pipe  at  an  angle  with  each  other.  This  requires  that  each 
pipe  shall  be  laid  to  a greater  or  less  extent  as  shewn  by  the 
dotted  lines  : — 


The  maximum  angle,  which  can  be  obtained  at  each  joint, 
is  determined  by  the  least  thickness  of  lead  required  at  the 
point  (a)  and  the  wider  or  thicker  the  joint  is  proposed  to  be 
the  greater  will  be  the  possible  angle.  Large  pipes  having 
thicker  j oints  can  be  laid  at  greater  angles  than  pipes  of  small 
diameter,  but,  as  it  is  desirable  that  the  larger  pipes  should 
have  thicker  joints  than  smaller  pipes,  so  also  it  is  desirable 
that  tho  joint  between  pipes  laid  at  an  angle  to  each  other 
should  be  thicker  in  proportion  to  their  size.  Everything 
depends  on  what  is  the  least  thickness  of  lead  which  can  be 
depended  on  to  make  a safe  joint  and  whether  the  lead  be 
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properly  mn  in  and  the  yarn  caulked  into  the  joint.  Ordi- 
narily it  will  take  seven  straight  pipes  laid  in  this  way  to  pass 
round  a curvo  giving  an  angle  equal  to  an  | bend.  If  it  is 
necessary  to  lay  pipes  along  curves  these  should  be  laid  out 
carefully  by  means  similar  to  the  methods  employed  on 
railways,  and  curve  tables  should  be  framed  for  these  curves, 
which  will  be  of  much  less  radius  than  those  found  in  ordi- 
nary curve  tables. 

Reception  and  delivery  of  pipes. — The  pipe  lines 
having  been  satisfactorily  located  and  the  position  of  the 
various  appliances  having  been  determined,  the  uext  mattor 
for  attention  is  the  delivery  of  pipes  on  the  ground.  These 
will  bo  received  from  a ship  or  from  canal  boats  or  by  rail 
and  it  is  the  best  plan  in  making  a contract  to  specify  that 
pipes  will  be  taken  over  only  at  the  town  where  the  pipes  arc 
to  be  used  ; this  saves  infinite  troublo  in  regard  to  breakages, 
accounts,  &c.,  and  though  the  pipe  contractor  will  charge  for 
the  work,  there  is  no  doubt  that  a double  agency  would 
generally  be  more  expensive. 

Examination  and  distribution  of  pipes. — The  pipes 
having  beon  unloaded  should  then  be  examined  ; they,  under 
the  specification  already  referred  to,  will  have  been  marked 
with  their  numbers,  weight  and  diameters  and  the  quantities 
can  be  thus  easily  checked ; sound  pipes  may  then  bo  trans- 
ported to  either  selected  dep6ts  in  the  town  (the  pipes  to  be 
deposited  in  each  dopbt  having  been  previously  decided  upon) 
or  directly  to  the  roadway  on  which  they  are  to  be  used.  Con- 
siderable judgment  is  required  to  deposit  pipes  and  distribute 
them,  so  that  the  exact  number  and  class  for  each  length  of 
street  are  available  and  so  that  traffic,  passengers  or  house 
owners  are  not  inconvenienced  by  their  deposit ; it  is  there- 
fore desirable  in  India  that  the  streets  should  be  surveyed 
in  view  to  the  deposit  of  pipes  and  careful  instructions  given 
to  intelligent  agents  who  should  accompany  the  cart  men  to 
their  destination.  This  may  seem  a refinement,  but  it  is  true 
economy  in  the  end  especially  when  heavy  pipes  arc  being 
used.  Small  pipes  of  less  than  3"  diameter  are  best  deposited 
with  the  valves,  hydrants  and  other  fittings  in  depots  con- 
venient to  the  work.  The  pipes,  when  laid  down  on  the 
streets,  should  be  laid  with  thoir  faucet  ends  all  pointing  in 
one  direction,  that  is,  in  a position  similar  to  that  in  which 
they  are  to  be  laid,  and  it  is  usual  to  place  the  spigot  end  of 
a pipe  next  the  supply  end ; this  cannot  always  be  arranged 
and  in  streets  mains  fed  from  two  directions,  one  half  tho 
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pipes  will  lie  one  way,  the  other  half  the  other.  Again  the 
pipes  ought  to  he  laid  on  the  side  of  the  street  or  side  of  the 
proposed  pipe  trench  opposite  to  that  on  which  the  excavated 
earth  will  be  placed  ; this  avoids  the  cost  of  lifting  the  pipes 
over  embankments  of  loose  earth.  This  is  a great  saving 
when  working  with  large  heavy  pipes,  as  they  can  be  rolled 
easily  to  the  trench  if  the  above  conditions  are  observed. 

Inspection  of  pipes. — Before  any  pipe  laying  is  begun 
all  the  pipes  must  be  carefully  inspected.  It  is  likely  that  a 
proportion  will  be  found  cracked;  in  ordering  pipes,  there- 
fore, a percentage  of  each  class  in  excess  of  requirements  must 
be  ordered  to  allow  for  cracked  pipes,  breakages,  &e. ; whether 
cracked  pipes  are  to  be  accepted  at  all  is  a matter  of  specifi- 
cation and  agreement.  Cracks  in  pipes  can  be  readily  detected  * 
by  striking  the  pipe  with  hammer;  cracks  wall  usually  be 
found  at  the  spigot  end  of  a pipe  and  it  is  sometimes  specified 
that  each  pipe  shall  have  an  iron  ring  shrunk  on  to  it  before 
being  despatched  ; this  is  desirable  in  all  cases  of  pipes  which 
will  require  much  handling  or  to  be  transported  long  distances 
by. road  or  for  use  in  places  where  it  will  be  difficult  and 
costly  to  obtain  odd  pipes. 

Cutting  pipes. — In  cutting  off  the  piece  of  pipe  which 
is  cracked,  the  cut  must  be  made  about  6 inches  above  the 
visible  end  of  the  crack  because  the  jar  caused  by  cutting 
may  cause  the  crack  to  run  further  up  the  pipe.  Cut  pipe 
joints,  especially  if  originally  of  the  turned  and  bored  class, 
entail  more  expensive  joints  than  originally  intended,  and 
therefore  it  is  only  fair  to  debit  the  pipe  supply  contractor 
with  an  amount  in  excess  of  the  actual  value  of  the  length  of 
pipe  cut  off  sufficient  to  cover  the  extra  cost  of  the  joint. 

Depth  at  which  pipes  should  he  laid.-— A further 
matter  to  bo  decided  before  pipes  are  laid  is  the  depth  at 
which  they  are  to  be  so.  Here  in  India  the  effect  of  frost  is 
not  to  be  considered  but  that  of  heat.  It  may,  however,  be 
said  that,-  when  once  the  water  is  in  the  pipe,  its  temperature 
vanes  very  little  if  the  pipe  is  covered  by  earth  to  any  extent. 

It  is  therefore  a matter  of  convenience  and  probably  the  best 
manner  to  determine  the  depth  at  which  pipes  should  be  laid 
is  that  on  which  the  following  table  is  based,  viz.,  that  they 
shall  be  laid  at  a depth  below  ground  such  that  the  spindles 
of  valves  on  such  pipes  shall  not  be  nearer  the  road  surface 
than  4 to  6 inches.  The  amount  of  excavation  per  lineal  foot 
is  also  shown  in  the  table,  slopes  of  £ to  1 being  allowed  : 
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Dimensions  and  cubic  contents  of  trenches  for  laying  pipes. 


Bore  of 
pipe. 

Height  of  valve 
from  bottom 
of  flange  to 
top  of  spindle. 

Depth  of 
bottom  pipe 
below  ground. 

Width  at 
bottom. 

Sectional 
contents  per 
foot  length. 

INCHES. 

FT. 

• IN. 

FT. 

IN. 

FT. 

IN. 

• 

C.  FEET. 

2 

1 

9 

3 

0 

2 

6 

9*75 

a* 

1 

10* 

3 

0 

2 

6 

975 

3 

1 

3 

0 

2 

6 

9-75 

4 

2 

2* 

3 

0 

2 

6 

9-75 

5 

2 

6* 

3 

0 

2. 

6 

975 

6 

2 

7* 

3 

0 

2 

6 

9-75 

7 

2 

11 

3 

0 

3 

0 

11-25 

8 

3 

2* 

3 

4 

3 

0 

12-72 

9 

3 

6 

3 

7* 

3 

0 

1412 

10 

3 

9* 

3 

11 

3 

0 

15-60 

12 

4 

3 

4 

4f 

3 

0 

17-87 

14 

4 

9 

4 

10* 

3 

0 

20-59 

15 

5 

0 

5 

H 

3 

0 

21-91 

16 

5 

3 

5 

4* 

3 

0 

23-34 

18 

5 

6 

5 

7* 

3 

0 

24-78 

20 

5 

10 

5 

Hi 

3 

0 

26-75 

21 

6 

1 

6 

2i 

3 

0 

28-26 

22 

6 

4 

6 

5* 

3 

29-79 

24 

6 

8 

6 

9i 

3 

31-96 

Excavation  of  pipe  trenches. — The  levels  of  the 
bottom  of  pipe  trenches  should  be  carefully  determined  and  the 
officer  in  charge  of  the  work  should  give  level  pegs  at  frequent 
points  so  that  the  trenches  may  be  fairly  graded.  The  earth 
from  the  trenches  ought  to  be  thrown  all  on  one  side  if  possible, 
street  crossings  ought  not  to  be  cut  through  until  actually 
necessary,  and  the  trenches  ought  to  be  protected  and  at 
nights  lighted.  Before  pipe  laying  is  begun  about  100 
yards  of  trench  should  be  fully  executed  and  the  excavating 
and  pipe-laying  gangs  should  be  so  proportioned  that  their 
work  proceeds  at  the  same  rate  per  yard  per  diem. 

Pipe-laying  tools. — On  the  plate  accompanying  are 
figured  some  of  the  tools  used  in  pipe  laying.  The  derrick 
may  bo  formed  of  tough  jungle  wood  or  of  teak  poles  4"  x 4" 
and  14£  feet  long  held  together  by  a 1-inch  bolt  at  the  top ; 
the  link  should  be  of  | inch  iron.  The  lower  ends  of  the 
poles  may  be  shod  with  iron  and  a spike  fixed  to  prevent 
• slipping  ; a large  cleat  for  catching  the  ropes  should  be  fixed 
into  one  leg  of  the  derrick  and  long  hard  wood  pegs  to  act 
as  handles  in  moving  the  denick  fixed  on  the  other  two  legs 
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as  shown  for  a 6-inch  pipe ; 8-inch  double  blocks  will  give 
power  enough  for  a 15-inch  or  18-inch  pipes,  a triple  and 
quadruple  block  may  be  necessary.  For  pipes  under  6-inch 
diameter  a smaller  derrick  may  be  used. 

The  carrying  sticks  illustrated  are  useful  for  lifting  and 
placing  the  smaller  pipes,  but  pipes  of  larger  diameter  must 
be  rolled  to  the  site  whore  they  are  required.  Chisels  for 
cutting  pipes  are  those  ordinarily  used  for  cutting  cold  iron. 
Four  yarning  and  four  caulking  tools  form  a set,  varying  in 
thicknoss  from  g inch  to  $ inch. 

Laying  pipes. — Light  pipes  4"  to  6 when  about  to 
be  laid  are  carried  to  the  trench,  as  before  stated,  by  the 
carrying  sticks  inserted  at  each  end  of  the  pipe;  other  pipes 
are  rolled  to  the  trench.  The  pipes  are  then  supported  on 
skids  or  small  beams  placed  over  the  trench  slung  by  the 
derrick,  the  skids  removed  and  the  pipe  lowered  down.  At 
the  same  time  the  foreman  in  the  trench  is  inserting  the 
spigot  end  into  the  last  pipe ; the  pipe  is  then  aligned  ; the 
next  pipe  is  then  brought  down  and  is  used  to  ram  the  pre- 
ceding pipe  home.  When  the  pipe  is  thoroughly  ‘ home,’ 
the  pipe  is  jointed  with  cement  or  lead  as  required. 

Jointing  pipes. — Cement  joints  may  be  of  any  reasonable 
proportion  of  sand  and  cement ; the  main  point  is  to  see  that 
it  such  as  does  not  crack  because  the  actual  joint  is  formed  by 
the  turned  and  bored  faces  which  should  be  carefully  washed 
with  a mixture  of  cement  and  water  before  being  inserted  one 
into  the  other.  Lead  joints  are  made  of  by.  a combination 
of  yarn  and  lead.  The  ‘ yarn  ’ may  be  jute,  heinp,  old  rope, 
&c.,  but  ‘ 12-thread  Russia  gasket’  tarred  is  recommended; 
larger  sizes  may  be  used  for  pipes  above  18  inches  in  dia- 
meter. The  yaru  must  be  cut  into  pieces  long  enough  to 
go  round  the  pipe  and  lap  a little.  The  depth  of  yam  and 
lead  is  usually  specified  ; as  yarn  is  cheaper  than  lead,  care 
is  necessary  to  see  that  the  proper  depth  of  lead  is  always  put 
in.  With  lead  jointed  pipes,  the  pipes  must,  before  the  yarn 
or  load  is  inserted,  be  made  concentric  with  each  other  by 
means  of  feathers  or  wedges  so  that  the  joint  is  of  the  same 
thickness  all  round.  To  guide  the  molten  lead  into  a joint 
there  must  be  a roll  of  clay  (ground  fire  clay  is  best)  or  a 
rope  yarn  core.  ‘Joints’  made  of  canvas,  India  rubber  and 
steel  which  are  fastened  tightly  round  the  pipes  are  used 
instead  of  the  clay.  A clay  roll  is  placed  round  a pipe  close 
to  the  faucet  face  of  the  other,  the  two  ends  of  the  rope  are 
brought  together  on  the  top  and  a convenient  hole  left  there 
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for  pouring  in  the  lead ; tho  lead  should  be  poured  in  slowly 
and  should  be  hot  enough  to  run  freely.  When  cold,  the 
clay  roll  is  removed  and  tho  joint  set  up  as  described  in  the 
specification  following : — 

Specification  for  conveying , laying , and  jointing  cast  iron  pipes, 
bends  and  branches , and  for  fixing  and  setting  vp  sluice 
valves,  air  valves,  hydrants  and  fountains,  Sfc.,  for  the 

Municipal  Council  of as  set  forth 

in  detail  in  the  accompanying  schedule. 

Receipt,  Transport  and  Custody  of  Materiad. 

1 . The  pipes  and  other  materials  as  set  forth  in  the  schedule 
will  be  supplied  to  the  contractor  by  the  Council  of.  . 

2.  The  contractor  is  required  to  provide  all  labour,  plant, 
tools,  lead,  rope,  yarn,  cement,  &o.,  necessary  for  the  carry- 
ing out  of  the  work  as  hereinafter  detailed. 

3.  The  contractor  who  supplies  the  pipes  will  unload 
them  and  the  Engineer  will  provide  an  agency  to  supervise 
the  receipt  of  pipes  and  materials  by  the  laying  contractor, 
and  the  said  contractor  will  be  required  to  grant  a receipt 
for  all  articles  received  by  him.  All  articles  taken  over 
by  him  will  bo  considered  as  having  been  received  by  him 
in  good  condition  unless  otherwise  noted  in  writing  by  • 
the  officer  in  charge  on  the  contractor’s  receipt.  It  shall 
be  the  duty  of  the  contractor  to  reject  any  articles  which 
are  found  to  be  in  any  way  cracked,  broken  or  deficient  of 
any  portion.  When  any  articles  are  found  cracked,  broken 
or  deficient  at  the  time  of  delivery,  the  fact  shall  be  imme- 
diately notified  to  the  agent,  and  the  agent  shall  at  once 
notify  the  same  to  the  material  contractor  or  his  agent  for 
receipt.  Any  article  which  may  be  slightly  chipped  or  broken 
and  which  the  Engineer’s  agent  considers  may  be  used  on 
the  work  shall  be  received  by  the  contractor,  the  item  being 
marked  by  the  said  agent  as  broken  or  deficient  as  the  case 
may  be  in  the  contractor’s  receipt  note.  The  articles  shall 
be  removed  by  the  laying  contractor  from  the  railway  yard 
immediately  they  are  unloaded,  and  he  shall  be  responsible 
for  any  demurrage  which  may  be  charged  from  his  delay 
in  removing  material  to  allow  room  for  further  unloading, 
and  he  shall  stack  them  in  such  quantities  and  at  such 
places  as  the  officer  in  charge  considers  most  suitable. 

4.  The  distance  from  the  point  of  receipt  by  the  con- 
tractor and  the  farthest  point  of  delivery  by  him  is 
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miles The  centre  of  the  bulk  of  the  work  is  about 

; from  the  point  of  receipt. 

5.  The  contractor  shall  provide  a covered  store  in  a posi- 
tion to  be  approved  of  by  the  officer  in  charge  where  articles, 
such  as  valves,  fountains  and  smaller  articles,  may  be  safely 
deposited  until  wanted  for  use. 

6.  All  pipes,  branches,  &c.,  shall  be  deposited  by  the  con- 
tractor in  proximity  to  their  position  on  the  work  where  they 
are  to  be  used,  at  such  time  as  the  officer  in  charge  considers 
proper.  This  will  usually  be  just  before  they  are  to  be  laid 
in  the  trenches,  as  it  is  not  intended  they  should  be  left  to 
lie  about  the  roads  longer  than  is  absolutely  necessary. 

7.  The  contractor,  however,  will  not  be  permitted  to 
deposit  materials  on  any  side  which  shall  inconvenience  the 
public,  and  the  sites  of  deposit  shall  be  approved  of  from  time 
to  time  by  the  officer  in  charge  of  the  work.  The  officer  in 
charge  may  require  the  contractor  to  remove  any  materials 
which  are  a danger  or  inconvenience  to  the  public,  and  the 
former  shall  be  sole  judge  of  such  inconvenience  or  danger. 

8.  The  contractor  shall  be  responsible  for  the  safe  custody 
of  all  materials  handed  over  to  him  by  the  agent,  whether 
such  materials  be  deposited  in  the  store  referred  to  in  para- 
graph 5 or  deposited  on  sites  adjacent  to  their  position  in  the 
work,  subject,  however,  to  fhe  directions  and  control  of  the 
officer  in  charge  for  the  purpose  of  inspecting,  weighing  or 
testing  the  pipes  and  materials  as  he  shall  see  fit  to  do. 

9.  Any  pipes,  valves,  fountains  or  materials  which  shall 
have  been  handed  over  to  the  contractor  in  good  condition 
and  which  thereafter  shall  be  damaged  before,  when,  or  after, 
being  placed  in  the  work,  shall  be  paid  for  by  the  contractor 
at  the  rate  paid  for  such  articles  by  the  council  plus  10  per, 
cent,  in  excess  of  such  rate.  Should  he  crack  or  break  the 
spigot  ends  of  any  pipes  after  receiving  them,  he  shall  (if 
the  cracked  or  cut  portion  be  less  than  half  the  length  of  the 
pipe)  cut  the  damaged  part  off  at  his  own  expense,  and  pay 
for  the  actual  length  cut  off  plus  10  per  cent,  extra  in  excess 
of  such  rate.  Should  the  damage  be  at  a socket  end  or  reach 
to  half  the  length  from  the  spigot  end,  then  he  shall  pay 
tho  cost  of  tho  whole  pipe  plus  10  per  cent.,  and  the  pipe  then 
becomes  his  property  to  dispose  of  as  he  may  think  proper. 

Excavation  of  Teenches. 

10.  The  estimated  depths  of  trench  for  the  various  sizes 
of  pipes  are  shown  in  the  schedule,  but  the  officer  in  charge 
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shall  have  power  to  alter  their  depth  and  breadth  as  be  may 
consider  advisable.  The  quantity  of  each  description  of  soil 
or  rock  entered  in  the  estimate  is  not  guaranteed  as  correct, 
and  the  contractor  will  be  paid  at  the  tender  rate  only 
according  to  the  actual  quantity  of  each  description  found 
after  excavation.  The  contractor  shall  have  no  claim  if  the 
actual  quantities  of  rock  or  soil  excavated  vary  from  the 
schedule  or  if  the  depth  be  less  than  in  the  schedule.  The 
officer  in  charge  will  also  regulate  the  order  in  which 
trenches  for  mains  or  branches  are  excavated. 

LI.  In  digging  the  trenches,  which  shall  ordinarily  be 
along  one  side  of  the  streets  in  which  pipes  are  to  bo  laid,  the 
contractor  shall  first  remove  the  metalling,  where  such  exists, 
and  shall  carefully  deposit  it  so  that  it  shall  not  be  mixed 
up  with  earth,  mould,  &o.,  from  the  trench,  and  ordinarily  he 
shall  lay  the  metal  so  removed  on  one  side  of  the  trench  and 
the  earth  on  the  other  side. 

12.  The  amount  of  excavation  in  the  schedule  is  cal- 
culated on  the  basis  of  the  slopes  standing  j to  1 for  the 
period  necessary  to  allow  of  the  pipes  being  laid  and  tested, 
and  the  contractor  shall  not  be  entitled  to  make  any  claim  for 
any  place  where  the  earth  will  not  stand  at  such  inclination, 
as  he  is  expected  to  allow  in  his  schedule  rates  for  any  shoring, 
planking,  baling,  &c.,  which  may  be  necessary. 

13.  In  forming  the  trenches  in  earth  they  shall  be  cut  so 
that  the  bottoms  have  regular  beds,  and  no  filling  in  with  loose 
soil  will  be  permitted.  Should  the  excavation  be  taken  out 
deeper  than  ordered,  the  pipes  may  be  laid  at  that  depth  (the 
contractor  being  paid  only  for  the  depth  ordered)  or  the 
level  be  brought  up  with  earth  or  gravel,  waterod  and 
rammed  as  may  be  ordered.  The  pipes  in  all  instances  shall 
be  laid  on  a firm  foundation. 

14.  Where  the  excavation  is  in  rock,  a trench  only  suffi- 
ciently largo  to  admit  of  the  pipe  being  laid  shall  be  cut,  and 
where  the  inequalities  in  the  rock-bed  cannot  be  levelled  ex- 
cept at  great  expense,  the  hollows  shall  be  filled  up  with  sand, 
and  such  sand-filling  shall  be  brought  up  one  inch  above 
the  top  of  the  pipe,  when  ordinary  soil  shall  be  filled  in  or  ordi- 
nary small  rock  spoil  may  be  used,  provided  it  is  mixed  with 
sufficient  moorum  to  thoroughly  fill  the  interstices.  Should 
the  rock  require  blasting,  the  blast  hole  shall  be  covered  with 
a strong  wooden  crib  approved  of  by  the  officer  in  charge. 
The  contractor  shall  also  observe  all  such  other  regulations 
for  the  safety  of  the  public  as  that  officer  may  issue  in 

3 c 


382 


CHAPTER  VII.— WATER-SUPPLY. 


writing,  failing  which  that  officer  will  carry  out  the  work 
departmentally,  the  cost  of  which  (jplus  10  per  cent,  for 
supervision)  will  be  deducted  from  the  contractor’s  bills. 

15.  At  road  crossings  not  more  than  one-half  the  breadth 
of  a road  shall  be  opened  at  one  time,  nor  shall  two  or  more 
roads  at  their  junction  be  opened  except  in  such  manner  as 
shall  avoid  all  interference  with  traffic.  The  contractor  shall 
provide  suitable  planking  over  trenches  for  foot,  cattle,  or 
vehiole  traffic  where  the  officer  in  charge  thinks  necessary. 

16.  Open  or  newly-filled  trenches  shall  be  protected  with 
a strong  bamboo  or  other  fencing  during  the  day,  and  in 
addition  thereto  at  night  the  contractor  shall  provide  red 
lanterns  and  watchmen.  The  responsibility  for  any  accident 
which  may  occur  through  insufficient  fencing  or  lighting 
shall  be  that  of  the  contractor.  The  contractor  shall  be 
responsible  for  any  damage  done  to  any  adjacent  property 
by  his  operations.  Should  the  fencing,  lighting,  or  watching 
be  at  any  time  insufficient,  the  contractor  shall  be  written 
to  to  make  the  same  satisfactory  to  the  officer  in  charge  ; 
failing  to  do  so  within  twelve  hours  afterwards,  the  officer  in 
charge  will  do  so,  deducting  the  cost  of  the  same,  including 
supervision,  from  contractor’s  bills. 

1 7.  The  pipes  shall  ordinarily  be  laid  at  the  depths  noted 
in  the  schedule,  but  before  commencing  to  lay  any  pipes  the 
contractor  shall  ascertain  from  the  officer  in  charge  of  the 
works  whether  owing  to  the  presence  of  dxains,  cess-pools,  or 
other  causes,  the  schedule  depths  require  to  be  increased  or 
decreased,  and  on  obtaining  orders  in  writing  the  contractor 
shall  lay  the  pipes  at  the  new  depth.  Payment  will  be  made 
for  only  the  amount  of  excavation  ordered  to  be  exeouted,  and 
not  for  any  extra.  Payment  for  works,  for  which  quantities 
do  not  appear  in  the  schedule,  will  be  paid  for  at  the  schedule 
rates  according  to  the  actual  quantity  of  work  of  each 
description  for  which  the  contractor  may  have  received  orders 
in  writing. 


Laying  and  Jointing  Pipes. 

1 8.  In  laying  turned  and  bored  pipes  the  following 
instructions  shall  be  observed.  The  pipes,  before  being  laid, 
shall  be  thoroughly  cleaned,  and  the  turned  and  bored 
surfaces  made  bright  by  scrubbing.  The  turned  and  bored 
surfaces  shall  be  slightly  coated  with  cement- wash ; when 
the  spigot  end  of  a pipe  has  been  inserted  in  the  faucet  of 
another,  the  former  pipe  shall  be  driven  home  with  a heavy 
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wooden  rammer.  Where  the  pipes  are  above  12“  in  diam- 
eter, the  succeeding  pipe  held  in  a sling  ready  for  lowering 
may  be  used  instead  of  a rammer,  a wooden  ‘ bumper  ’ 
block  being  held  against  the  faucet  end  of  the  pipe  being 
laid.  After  a pipe  has  been  rammed  home,  the  joint  shall  be 
filled  with  neat  Portland  cement,  which  shall  be  thoroughly 
well  packed.* 

19.  For  plain  spigot  and  faucet  joints,  cut  pipes,  and 
other  lead  joints  the  following  instructions  shall  be  observed. 
After  the  pipes  or  specials  are  placed  into  each  other  and 
laid  in  the  exact  position  they  are  to  occupy,  the  joints  will 
be  formed  as  follows.  At  least  one  complete  lap  of  clean 
hempen  yarn  shall  be  forced  into  the  bottom  of  the  socket. 
Several  laps  of  tarred  yarn  shall  then  be  forced  into  the 
joint  so  as  to  leave  at  least  the  depths  of  joint  for  the  lead 
as  noted  below  : — 


Pipes 

2" 

to  5" 

diameter 

• • 

• t 

n‘ 

7 7 

6" 

to  12" 

do. 

• • 

• • 

2" 

7 } 

14" 

to  18" 

do. 

• • 

• • 

24' 

77 

20" 

to  24" 

do. 

• • 

• • 

2F 

The  lead  shall  then  be  put  in,  and  the  joint  filled  at  one 
running  with  lead  flush  with  the  outside  of  the  joint,  which 
shall  be  ‘ set  up,’  when  cool,  until  the  lead  is  at  least  |th 
inch  within  the  socket.  The  quantities  for  each  class  of  pipe 
are  shown  in  the  schedule. 

20.  Benda. — The  net  length,  measured  on  the  curve,  will 
be  paid  for  at  the  same  rate  as  for  plain  pipes. 

21.  Branches. — Supposing  it  to  be,  say,  a 12'  x 2 
branch,  the  net  length  of  the  12“  length  (3'  3£")  will  be 
paid  for  at  the  rate  for  12'  plain  pipes,  and  the  branch  part 
at  the  net  length  for  a B class  pipe  of  (12£ — 6iV  ) 8aJ  6 
inches. 

22.  Tapers. — The  net  length  will  be  paid  for  at  the  rate 
for  plain  pipes  of  the  largest  diameter  of  the  taper.  For 
example,  a taper  of  4 feet  in  length  24"  x 22“  will  be  paid  for 
as  4 feet  of  24  ' plain  pipe. 

23.  Collars. — For  laying  collars,  the  gross  length  of  the 
collar  will  be  paid  for  at  the  same  rate  as  the  pipes  they  are 
used  to  cover.  For  example,  a 12"  collar,  though  of  greater 


* The  filling  of  a joint  ought  not  to  be  done  until  about  100  feet  of 
piping  in  advance  thereof  has  been  rammed  home. 
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diameter  than  a 12"  pipe,  will  he  paid  for  as  a toot  of 
ordinary  12"  piping.  For  jointing,  the  joint  at  either  end 
of  the  collar  will  be  paid  for  at  the  rate  speeded  in  the 
tender. 

24.  Cutting  pipes. — The  work  of  cutting  off  the  ends  from 
pipes  damaged  before  delivery  to  contractor,  or  from  sound 
pipes  which  it  may  be  necessary  to  cut  at  curves  or  in  order 
to  lay  tees,  valves,  &c.  in  particular  positions,  shall  be  paid 
for  at  the  tender  rate  according  to  the  actual  number  of 
pipes  of  each  size  which  it  may  be  necessary  to  cut ; the  pipes 
damaged  in  transit  before  delivery  to  the  laying  contractor 
should  not  therefore,  have  their  damaged  portions  cut  off 
till  they  are  actually  required  for  use  near  bends,  valves, 
&c.  It  is,  of  course,  impossible  to  state  the  number  of  each 
description  of  pipe  which  may  require  to  be  cut ; tenderers 
will  bear  this  in  mind  when  entering  rates  for  cutting,  viz., 
that  the  rates  are  to  be  irrespective  of  the  number  to  be  cut, 
whether  small  or  large. 

25.  Testing  pipes. — The  pipes  after  being  laid  and  jointed 
shall  be  tested  in  such  lengths  and  at  such  pressure  as  seems 
to  the  engineer  desirable.  Such  pressure,  however,  shall  not 
exceed  50  per  cent,  in  excess  of  working  pressure.  The 
testing  will  be  done  departmentally,  and  any  joints  leaking 
or  sweating  shall  be  made  good  by  the  contractor  at  his 
own  cost.  Should  any  joints  leak  or  sweat  at  the  second 
testing,  the  cost  of  further  tests  will  be  deducted  from  the 
contractor.  Before  testing,  the  trenches  (except  for  18"  on 
either  side  of  each  joint)  shall  be  filled  up  to  a depth  equal 
to  not  more  than  one-half  the  diameter  of  the  pipe  in  the 
trench.  To  prevent  unnecessary  trouble  and  cost  in  testing, 
all  connections,  such  as  fountains,  hydrants,  air  valves,  &o., 
shall  be  made  and  completed  before  testing  is  commenced  ; a 
main  or  branch  must  not  be  tested  and  then  fountains,  &c., 
built  at  some  future  time. 

26.  Filling  trenches. — After  the  testing  has  been  comple- 
ted, the  trenches  shall  be  refilled  in  the  following  manner. 
The  earth  must  be  well  punned  in  layers  not  exceeding 
six  inches  in  depth,  and  watered  if  the  officer  in  charge 
considers  it  necessary,  the  original  metalling  being  replaced, 
well  rammed,  and  the  whole  surface  made  smooth  and  neat. 
The  height  of  the  filling  (including  metalling)  above  the 
original  surface  level  shall  not  exceed  one  inch  per  foot  of 
depth  of  trench.  The  contractor  will  be  held  responsible 
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for  any  subsidence  in  the  line  of  the  trenches,  which  may 
take  place  at  any  time  within  six  months  after  the  total 
completion  of  his  contract,  and  should  he  fail,  on  any  occasion 
to  attend  when  any  such  subsidence  shall  occur  and  within 
twelve  hours  of  notice  in  writing,  to  till  up  the  subsidence 
after  removing  the  metal  which  he  shall  again  replace,  the 
necessary  repairs  will  be  done  at  the  cost  of  the  contractor. 

27.  Surplus  earth. — The  surplus  earth  from  the  trenchos 
shall  be  carted  away  to  such  sites  within  municipal  limits  as 
shall  be  fixed  by  the  council.  The  cost  of  such  cartage  shall 
be  included  in  the  contractor’s  tender  for  the  excavation. 

28.  Sluice  valves,  air  valves  and  hydrants. — The  sluice 
valves,  air  valves  and  hydrants  on  the  pipes  shall  be  cleaned, 
examined  and  placed  in  the  positions  to  be  indicated  by  the 
officer  in  charge,  and  they  shall,  as  far  as  practicable,  be 
placed  in  positions  where  there  is  the  least  traffio.  The 
valves  when  being  fixed  shall  be  supported  so  that  there  shall 
be  no  strain  on  the  flanged  or  other  joints. 

29.  Valve  pits. — The  valve  pits  shall  be  constructed 
according  to  drawings  furnished  to  the  contractor,  the  depth 
being  increased  when  ordered  by  the  officer  in  charge.  The 
depth  of  concrete  or  masonry  shall  also  be  increased  when 
ordered  in  writing.  As  the  pipes  in  some  instances  may  be 
required  to  be  laid  at  less  depths  than  will  allow  of  the  top 
of  the  valve  spindle  being  below  the  level  of  the  top  of  the 
road  (but  this  may  only  be  when  the  position  of  the  valve  is 
clear  of  the  metalled  road),  the  walls  of  the  valve  pit  shall 
be,  in  such  case,  carried  up  to  such  height  as  may  be  ordered, 
and  the  pit  shall  have  such  covering  as  the  officer  in  charge 
may  order.  Drawing  for  pits  for  stop  cocks  will  also  be 
furnished  to  the  contractor. 

30.  Hydrants , Sfc. — The  hydrants  will  be  each  fitted  with 
a cast  iron  cover,  and  being  fixed  on  an  iron  standard  will 
not  usually  require  any  masonry  ; cast  iron  pipes  of  2^  diam- 
eter will  connect  the  hydrant  to  the  main.  A sluice 
valve  shall  be  inserted  between  the  main  and  the  standard. 
The  connection  for  the  11 ' diameter  air  valves  shall  be  by 
means  of  a ferrule  screwed  into  the  main. 

31.  Fountains. — The  fountains  will  be  of  the  following 
description  : — 

(1)  Wall  tap  fountains.  * 

(2)  Pillar  fountains. 

(3)  Fountains  of  special  design. 
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Item  No.  3 does  not  form  part  of  the  contract,  and  special 
tenders  will  be  called  for  when  designs  are  decided  upon. 
Wall  tap  fountains  shall  be  cleaned,  examined  and  placed 
in  walls  built  against  existing  buildings  or  in  walls  built 
separately.  All  fountains  shall  be  built  according  to  the 
drawings  supplied.  The  ground  surrounding  fountains 
shall,  when  necessary,  be  metalled  to  a depth  of  six  inches  for 
six  feet  around  the  floor  of  the  fountain.  The  pillar  foun- 
tains shall  be  as  shown  on  drawings  to  be  furnished  to  the 
contractor.  The  arrangements  for  the  pipes,  stop-cocks, 
&c.,  between  mains  and  fountains  shall  be  as  shown  on  the 
drawings. 

32.  Laying  wrought-iron  pipes. — The  contractor  will  be 
required  to  lay  and  joint  all  wrought-iron  pipe  connections 
which  may  be  found  to  be  required  in  the  course  of  the  work. 
An  approximate  length  has  been  entered  in  the  schedule. 
The  rate  entered  by  the  contractor  shall  cover  the  cost  of  all 
cutting,  tapping,  cleaning,  threading,  &c. 


Specification  for  Masonry. 

33.  Brick  in  chunam . — The  bricks  to  be  sound  well  burnt 
bricks  9"  x 4^"  x ground  moulded.  All  chunam  mortar 
shall  be  composed  of  1^  slaked  lime  and  2 of  clean  sharp  sand 
and  shall  be  fresh  ground. 

34.  Chunam  concrete. — This  shall  be  composed  of  one  part 
mortar  and  throe  parts  sharp  gravel  or  broken  stone.  The 
mortar  shall  be  as  above,  mixed  with  clean  gravel  or  broken 
stone  passed  through  a 2"  ring.  The  stone  shall  be  thoroughly 
wet  before  being  mixed  with  the  mortar. 

35.  Cover  slabs  under  surface  boxes  shall  be  dressed  so 
that  they  do  not  rock  on  their  beds,  that  the  surface  box  beds 
fairly  on  them  and  so  that  the  joints  between  the  stones  do 
not  admit  of  earth  falling  into  the  valve  pit.  They  shall 
be  laid  dry  (not  bedded  in  mortar)  on  top  of  the  brick  work, 
so  that  they  may  be  easily  removed  and  replaced  when 
repairs  to  valves  are  necessary. 

36.  Bed  stones  for  valves  shall  have  their  lower  surface 
dressed  true,  and  the  upper  surface  cut  out  to  receive  the 
bottom  of  the  valve  case  evenly. 

37.  Cement  plaster , which  shall  not  be  less  than  half  an 
inch  in  thickness,  shall  be  Portland  cement  of  approved  brand 
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mixed  in  the  proportion  of  one  oement  and  two  of  clean 
sharp  sand. 

38.  I ncoursed  rubble  masonry  shall  be  of  sound  stone  not 
less  than  2^  in  thickness  with  headers  (through  stones)  3 
feet  apart,  horizontally  and  2 feet  vertically.  The  stones 
shall  be  set  with  their  broadest  side  downwards  and  well 
packed  with  spalls  to  prevent  rocking. 

39.  Stone  coping  to  fountain  floors  shall  he  truly  dressed 
on  all  sides  and  the  upper  edges  chamfered. 

40.  Brick  on  edge  in  cement. — The  bricks  shall  be  table 
moulded,  9'  x 4^  x 2f",  with  a 1 chamfer  on  the  top 
edges  made  in  the  mould.  The  joint  shall  be  neat  flush 
pointed,  done  simultaneously  with  the  laying  of  the  bricks — 
the  rate  for  laying  to  include  cost  of  pointing. 

41.  All  masonry  and  plaster  to  be  kept  moist  till  thoroughly 
set,  and  all  water  used  shall  be  free  from  silt ; this  will  be 
rigidly  insisted  on. 

42.  Work  not  included  in  the  tender. — Before  executing  any 
work  which  is  not  provided  for  in  the  tender,  the  contractor 
shall  obtain  an  agreement  in  writing  as  to  the  rate  to  be  paid 
for  such  work. 

43.  Time  for  commencement  and  completion  of  work. — The 
contractor  shall,  within  seven  days  of  receiving  an  order  in 
writing  from  the  officer  in  charge,  begin  work  at  such  place 

as  the  officer  shall  direct.  The  pipes  are  expected  in 

The  contractor  shall,  if  required,  proceed 

with  the  work  at  an  average  rate  per  month  (excluding 
Sundays  and  gazetted  holidays)  of  not  less  than, 


200 

feet 

per  diem  for 

pipes  20" 

to 

24" 

diameter 

300 

feet 

do. 

15" 

to 

18" 

do. 

500 

feet 

do. 

12" 

to 

14" 

do. 

700 

feet 

do. 

7" 

to 

10" 

do. 

900 

feet 

do. 

24 

" to  6" 

do. 

this  rate  to  inolude  the  excavation  of  trenches,  laying  and 
jointing,  fixing  of  branches  and  specials,  testing,  and  refilling 
and  ramming  of  trenches  including  road  metal.  The  con- 
tractor will  be  allowed  in  addition  thereto  one  day  for  each 
fountain  to  bo  fixed,  in  addition  to  the  limit  of  time  cal- 
culated as  above  on  the  length  of  piping  to  be  laid.  Should 
the  contractor  fail  to  proceed  with  the  work  within  seven 
days  from  the  time  the  pipes  have  been  delivered  to  him,  or 
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to  proceed  thereafter  at  a rate  which  will  ensure  the  pipes 
being  laid  within  the  contract  period,  the  officer  in  charge 
shall  (after  giving  ten  days’  written  notice)  have  power  to 
provide  extra  labour  at  reasonable  charges  for  the  carrying 
out  of  the  work,  so  as  to  ensure  its  completion  within  due 
date.  All  such  extra  labour  and  supervision  shall  be  deducted 
from  any  sum  or  sums  of  money  due  or  which  may  afterwards 
become  due  to  the  contractor,  and  in  the  event  of  the  money 
in  the  hands  of  the  council  and  the  money  which  may  there- 
after become  due  to  the  contractor  not  being  sufficient  to 
complete  the  work  in  the  manner  herein  specified,  and  also 
to  meet  the  liabilities  which  may  have  been  incurred  under 
the  contract,  or  in  case  the  council  or  others  to  whom  it  may 
be  responsible  sustain  any  loss  or  damage  from  the  work  not 
being  completed  within  due  date,  then  the  contractor  shall 
indemnify  the  council  or  the  said  persons  sustaining  injury 
for  such  loss  or  damage.  The  contractor  will  not  be  relieved 
from  responsibility  nor  the  contract  considered  complete 
until  the  expiration  of  the  period  specified  in  paragraph  26 
of  this  specification  and  until  the  engineer  has  certified  in 
writing  that  the  wdiole  of  the  works  have  been  completed  to 
his  entire  satisfaction. 

44.  Payment. — The  contractor’s  bills  will  usually  be  pre- 
pared and  submitted  monthly  by  the  officer  in  charge  for  all 
work  done,  but  for  slow  progress  the  officer  in  charge  may 
delay  preparation  of  bills  for  such  time  as  may  appear  desir- 
able. Each  payment  shall  be  subject  to  a deduction  of  10 
per  cent.,  which  shall  be  retained  by  the  council  until  six 
months  after  the  completion  of  the  whole  work,  during  which 
period  the  contractor  shall  be  liable  for  all  defects  and  for  all 
repairs  found  necessary.  Such  periodical  bill  shall  be  deemed 
to  authorize  a payment  on  general  account  subject  to  and 
pending  the  future  complete  fulfilment  by  the  said  contractor 
of  the  terms  and  conditions  of  the  specification  and  of  the 
contract  founded  thereon. 

45.  Disputes. — Should  any  dispute  arise  as  to  measure- 
ments or  the  interpretation  of  any  of  these  clauses,  the  matter 
may  be  referred  to  the  Sanitary  Engineer  to  Gfovernment, 
whose  decision  must  be  accepted  as  final  by  the  contractor. 

Amount  of  cement,  yarn  and  lead  in  joints. — 

The  following  tables  show  the  amount  of  yarn  and  lead  used 
in  the  various  classes  of  joint  which  have  been  referred 
to  : — 
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Table  showing  quantity  and  weight  of  Cement  required  for  Turned 

and  Bored  Joints, 


Bore  of 
pipe  in 
inches. 

Class  A. 

Class  B. 

Portland 
cement,  cubic 
inches. 

Portland 
cement, 
weight  in  lb. 

Portland 
cement,  cubic 
inches. 

Portland 
cement, 
weight  in  lb. 

2 

295 

•15 

2-95 

•15 

2* 

3-44 

•17 

3 44 

•17 

3 

3 93 

•20 

393 

•20 

4 

491 

•25 

4-91 

•25 

5 

10-13 

•51 

9-92 

•50 

6 

11-75 

•59 

11-54 

•58 

7 

13  57 

•69 

13-36 

•68 

8 

1795 

•91 

1771 

•90 

9 

20-10 

102 

19-86 

1-00 

10 

2201 

1-11 

21-77 

1-10 

12 

28-09 

1-42 

27  83 

1-41 

14 

34-80 

1-76 

34-52 

1-75 

15 

3700 

1-87 

36-60 

1-85 

16 

39-49 

1-99 

3893 

1-97 

18 

43-89 

2-22 

43-63 

2-21 

20 

4860 

2-46 

48-32 

2-44 

21 

5757 

2-91 

57-27 

2-89 

22 

60-41 

306 

6009 

804 

24 

65-41 

3-31 

6509 

3-29 

Table  showing  quantity  and  weight  of  yarn  and  lead  required  for 
ordinary  Spigot  and  Faucet  joints. 


Bore  of  pipe  in 
inches. 

• 

Class  A. 

Class  B. 

Depth  of  lead, 
inches. 

--  -■  

Tarred  yarn, 
cubic  in- 
ches. 

Tarred  yarn, 
weight  in 
lb. 

Lead,  cubic 
inches. 

Lead,  weight 
in  lb. 

Tarred  yarn, 
cubic 
inches. 

Tarred  yarn, 
weight  in 
lb. 

I 

Lead,  cubic 
inches. 

Lead,  weight 
in  lb. 

2 

2-37 

•14 

353 

1-44 

2-37 

•14 

353 

1-44 

1* 

2J 

275 

T6 

4-12 

1-69 

275 

•16 

4T2 

• 1-69 

H 

3 

314 

•19 

4-71 

1-93 

3-14 

•19 

4-72 

1-93 

1* 

4 

3 93 

•23 

5-89 

2-41 

3-93 

•23 

5-89 

2-41 

5 

10-43 

•62 

11-04 

4-53 

1022 

•61 

10-82 

444 

1* 

6 

783 

•47 

17-08 

7 00 

7-69 

•46 

16-79 

6-88 

2 

7 

9 04 

*54 

19-73 

8-09 

8 90 

•53 

19-44 

7-97 

2 

8 

14-73 

•88 

2209 

906 

14-53 

•87 

21-80 

8-94 

2 

9 

16-49 

•99 

2474 

1014 

16-30 

•98 

24-45 

10-62 

2 

10 

1806 

1-08 

2709 

1111 

1786 

107 

26-79 

10-98 

2 

12 

l 

1-48 

3210 

13-16 

24-50 

1-47 

31-80 

13-04 

2 

14 

2395 

1-44 

41-76 

17-12 

2388 

1-43 

41-42 

16  98 

2* 

15 

29-59 

1-77 

44-39 

18-20 

2938 

1-76 

44  07 

1807 

2i 

16 

31-59 

1-89 

4738 

19-42 

31-14 

1-87 

46-71 

1915 

2i 

18 

3511 

2-11 

52-67 

2169 

34-90 

2-09 

5235 

21-46 

2* 

20 

32-40 

1-94 

64-80 

2657 

32-21 

1-93 

64-42 

26-41 

2* 

21 

33-86 

203 

67-72 

2776 

3369 

202 

6737 

27-62 

2* 

22 

47-38 

2 84 

71-07 

29-14 

47T3 

2-83 

70-70 

2899 

2i 

24 

51-30 

3-08 

76-95 

3155 

51-05 

306 

7657 

31-39 

2* 

390 
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Table  showing  quantity  and  weight  of  yarn  and  lead  required  for  cut 
pipe  in  turned  and  bored  Socket  or  turned  Spigot  in  plain  faucet. 


Bore  of  pipe  •* 
in  inches.  t 

Class  A. 

. Class  B. 

Depth  of  lead, 
inches. 

Tarred 

yarn, 

cubic 

inches. 

Tarred 
yarn, 
weight 
in  ib. 

Lead, 

cubic 

inches. 

Lead, 
weight 
in  lb. 

Tarred 

yarn, 

1 cubic 
inches. 

Tarred 
yarn, 
weight 
in  lb. 

Lead, 

cubic 

inches. 

Lead, 
weight 
in  lb. 

2 

206 

•12 

295 

1-21 

2-06 

•12 

2-95 

1-21 

H 

2* 

2-40 

•14 

3-44 

1-41 

2-40 

•14 

3-44 

1-41 

H 

3 

275 

•16 

3-93 

1-61 

2-75 

•16 

3-93 

1-61 

U 

4 

3'44 

•21 

4-91 

2-01 

3-44 

-21 

4-91 

201 

H 

5 

784 

•47 

1013 

4-15 

7-68 

•46 

9-92 

4-07 

6 

9-09 

•54 

11-75 

4-82 

8-93 

*53 

11-54 

4-73 

7 

10-51 

•63 

13-57 

556 

10-35 

•62 

T3-36 

5-48 

H 

8 

13-13 

•79 

17-95 

736 

12-97 

•78 

17-71 

726 

n 

9 

14-72 

•88 

2010 

8-24 

14-54 

•87 

19-86 

8-14 

if 

10 

16-12 

•97 

22-01 

9-02 

15-94 

•96 

21-77 

8-92 

it 

12 

20-06 

1-20 

28-09 

11-52 

19-87 

1-19 

27-83 

11-41 

if 

14 

21-92 

1-31 

34-80 

14-27 

21-90 

1-31 

34-52 

1415 

n 

15 

25-94 

1-56 

3700 

15-17 

25-76 

1-54 

36-60 

15-00 

n 

16 

27-69 

1-66 

39-49 

16-19 

27-29 

1-64 

38-93 

15-96 

i h 

18 

30-78 

1-85 

43-89 

17-99 

30-60 

1-84 

43-63 

17-89 

20 

3408 

2-04 

48-60 

19-93 

33-88 

2-03 

48-32 

19-81 

i£ 

21 

32-23 

1-93 

57-57 

2360 

32-07 

1-92 

57-27 

23-48 

2} 

22 

40-93 

2-45 

60-41 

24-77 

40-72 

2-44 

60  09 

24-64 

2£ 

24 

44-32 

2-66 

65-41 

26-82 

44-15 

2-65 

65-09 

26-69 

2i 

Table  showing  quantity  and  iveiglit  of  yarn  and  lead  required 
for  a cut  pipe  in  p la  in  faucet . 


O 

Pi 

Class  A. 

Class  B. 

-g 

lore  of  p: 
in  inches. 

arred 

yarn, 

cubic 

inches. 

arred 
yarn, 
weight 
in  ib. 

ead, 

cubic 

inches. 

-+-3 

X * 

g|.E 

arred 

yarn, 

cubic 

inches. 

'arred 
yarn , 
weight 
in  ib. 

ead, 

cubic 

inches. 

-M 

-ly 

£ 9 c 

epth  of  le 
inches 

H 

t— ( 

►q 

Q 

2 

3-53 

•21 

353 

1-44 

3-53 

•21 

353 

1-44 

If 

2£ 

4-12 

•25 

4-12 

1-69 

4-12 

•25 

4-12 

1-69 

H 

3 

4-71 

•28 

471 

1-93 

4-71 

•28 

4-71 

1-93 

1* 

4. 

5-89 

•35 

589 

2-41 

5-89 

*35 

5-89 

2-41 

If 

5 

14-73 

•88 

1104 

4-53 

14-43 

-86 

10-82 

444 

if 

G 

12-81 

•77 

17-08 

7-00 

12-59 

'75 

16-79 

6-88 

o 

u 

7 

14-80 

•89 

1973 

809 

14-58 

•87 

19-44 

7-97 

2 

8 

2209 

1-32 

22-09 

906 

21-80 

1-31 

21-80 

8-94 

2 

9 

24' 74 

1-48 

24-74 

10-14 

24-45 

1-47 

24-45 

10-62 

2 

10 

27-09 

1-62 

2709 

11-11 

26-79 

1-61 

26-79 

10-98 

2 

12 

3611 

2-17 

3210 

13-16 

35-77 

2T5 

31-80 

13-04 

2 

14 

3712 

2-23 

41-76 

17-12 

36-82 

2-21 

41-42 

16-98 

2 * 

15 

44-39 

266 

44-39 

18-20 

44-07 

2-64 

44-07 

18-07 

16 

47-38 

2-84 

47-38 

19-42 

46-71 

2-80 

46-71 

1915 

18 

52  67 

3T6 

52-67 

21-69 

5235 

314 

5235 

21-46 

21 

20 

51-84 

311 

64-80 

26-57 

51-54 

3-09 

64-42 

26-41 

2* 

2h 

21 

5418 

3-25 

67-72 

27  76 

53-90 

3-23 

67'37 

27-62 

22 

71-07 

4-26 

7107 

2914 

70-70 

4-24 

70-70 

28-99 

2l 

24 

76-95 

4-62 

76-95 

3155 

76-57 

4-59 

76-57 

31-39 

2i 

Note. — The  quantities  of 
are  double  those  above. 

ead  an 

3 yarn  in  a col 

ar  joint  (as  illi 

astrated) 
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Testing  ot  joints. — It  is  usually  specified  that  all 
pipes  are  to  be  tested  before  leaving  the  maker's  works  and 
examined  before  being  placed  in  the  pipe  trench ; these  tests, 
however,  cannot  ensure  a perfectly  water  tight  pipo  line ; 
the  pipe  line  must  be  tested  after  being  laid.  Many  un- 
noticed cracks  are  thus  detected,  and  bad  workmanship  in 
the  joints  brought  to  light ; indeed  if  this  testing  is  not 
done,  there  is  bound  to  be  a large  and  often  undetected 
waste  of  water.  The  most  skilful  pipe  inspector  cannot 
always  seo  every  joint  made  and  even  if  he  could,  that  would 
not  bo  sufficient  security  that  all  the  pipes  and  joints  were 
water  tight.  Testing  saves  much  expenso  and  a constant 
recurrence  of  burst  pipes  and  joints. 

A testing  apparatus  consists  of  a portable  hydraulic  pres- 
sure pump  furnished  with  a pressure  gauge,  some  feet  of 
hydraulic  hose  and  blank  flanges  for  attachment  to  the 
socket  of  the  last  pipes  in  each  length  to  be  tested.  The 
other  end  of  a length  may  be  either  a valve  or  a blank  flange ; 
in  some  cases  blank  flanges  may  be  done  away  with  alto- 
gether and  the  pipe  tested  between  twro  valves  and  filled  and 
the  pressure  put  on  through  some  intermediate  hydrant  or 
branch  pipe.  Blank  flanges  are  furnished  with  cocks  for 
the  escape  of  air  from  the  pipes  (this  must  always  be  arranged 
for)  and  with  ferrules  for  connecting  the  hydraulic  hose. 
It  is  necessary  to  ‘ butt * the  end  pipe  and  blank  flange 
against  a strut  placed  across  the  trench  to  prevent  the  preced- 
ing pipe  joint  ‘drawing.’  The  simplest  plan  is  to  begin 
testing  from  the  higher  levels  so  that  the  water  may  be  run 
from  one  length  into  another,  but  it  may  be  convenient  to 
pump  water  into  the  pipe  at  various  places  along  the  main. 
Short  sections  must  be  tested  at  one  time  and  as  soon  after 
laying  as  possible,  so  that  the  pipe  trenches  may  bo  filled  in 
as  soon  as  possible.  The  most  difficult  pipe  lines  to  test  are 
those  of  large  diameter  and  undulating  in  section  as  a large 
quantity  of  air  is  likely  to  be  retained.  Air  valves  should 
be  put  on  at  the  summit  of  any  undulation,  otherwise  it  will 
take  a considerable  time  to  obtain  the  pressure  required. 

The  pressure  applied  should  not  be  less  than  50  per  cent, 
greater  than  that  which  will  be  due  to  the  greatest  pressure  on 
the  main  which  is  the  maximum  static  head  possible  over  the 
pipes  if  no  water  is  being  drawn  off.  When  the  proper 
pressure  has  been  applied,  each  joint  must  be  carefully 
examined  and  any  ‘sweated’  joint  caulked  up  or  re-cemented. 
If  it  is  desirable  to  fill  a pipe  trench  quickly,  a lead  joint  may 
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be  substituted  for  any  cement  joint  which  is  not  perfect  and 
the  filling  in  can  quickly  succeed.  All  burst  or  cracked  pipes 
should,  of  course,  be  removed  and  replaced  by  others ; and 
then  there  must  be  used  what  is  known  as  a collar  joint  which 
is  described-  further  on.  When  the  joints  have  been  so 
treated  and  pipos  replaced,  tho  test  should  be  again  applied. 

When  the  pipe  laying  is  done  by  a contractor,  it  will  be 
hardly  fair  to  charge  him  with  the  cost  of  even  the  second 
test,  but  beyond  that  he  ought  to  pay  for  all  labour  and 
expense  of  testing ; he  will,  of  course,  require  to  pay  for 
remaking  the  joints  and  cutting  out  pipes  discovered  to  be 
defective. 

The  duration  of  any  test  is  contingent  on  the  pressure 
employed,  the  size  and  length  of  the  portion  of  the  main  and 
whether  it  is  undulating  or  otherwise. 

Service  pipes. — It  is  not  desirable  to  determine  the 
size  of  service  pipes  by  ordinary  rules ; there  are  so  many 
bends,  branches,  joints,  &c.,  and  the  draught  on  them  so 
irregular  that  it  is  a matter  of  experience  as  to  what  is  the 
most  suitable  size  for  any  particular  house.  W7ith  very  high 
pressures,  of  course,  smaller  pipes  are  required  than  with 
low  pressures  ; but  it  is  convenient  to  have,  if  possible,  only 
one  or  two  diameters  of  pipe  for  each  town  and  then  regulate 
the  supply  to  the  house  by  partially  opening  the  ferrule 
hereafter  referred  to  or  by  the  use  of  some  such  apparatus  as 
that  designed  by  Mr.  Hughes  and  referred  to  on  a previous 
page.  In  addition  to  this  ferrule,  there  should  be  a stop 
cock  on  the  service  pipe  close  to  the  limit  of  the  property  to 
be  served  by  it.  All  taps  inside  the  house  ought  to  be  self- 
closing ; there  is  always  great  -waste  of  water  with  house 
supplies,  and  such  taps  tend  to  some  economy  especially  if 
they  are  designed  so  as  to  be  difficult  to  keep  open  mechani- 
cally. . • 

House  service  demands. — The  following  table  shews 
the  discharge  of  service  pipes  100  feet  long  under  certain 
conditions ; a comparison,  with  the  average  demand,  in  a note 
at  the  end  of  the  table,  shows  what  very  small  pipes  would 
be  suitable  if  the  demand  were  limited  to  the  quantity  on 
which  the  size  of  the  mains  are  based,  viz.,  half  of  the  total 
demand  in  six  hours.  In  houses,  however,  the  greater  part 
of  the  supply  may  be  taken  in  an  hour  ; and  therefore  for  a 
house  of  ten  persons  it  might  be  assumed  that  instead  of  the 
demand  being  -£th  of  a gallon  per  minute  or  12  gallons  per 
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hour,  it  might  rise  to  150  gallons  per  hour  or  2£  gallons  per 
minute  = 0 40  cubic  foot.  It  must  also  bo  remembered  that 
the  ‘ head  * tabulated  is  the  difference  between  the  pressure 
on  the  main  and  tho  height  tho  tap  is  above  the  main. 
If  the  service  pipe  is  only  50  feet  in  length,  then  ouly  half 
the  head  in  tho  table  is  necessary  to  ensure  delivery  of  tho 
quantity  noted  in  tho  table. 


Velocity 
in  feet 
per 

second. 

V 

diameter. 

1 diameter. 

. H"  diameter. 

Discharge  per 
minute. 

Head. 

Discharge  per 
minute. 

Head. 

Discharge  per 
minute. 

Head. 

1*4 

C.FT. 

•115 

GALS. 

•710 

2-80 

C.FT. 

•458 

GALS. 

2‘862 

1-29 

C.FT. 

1-03 

GALS. 

6-437 

0-82 

16 

•iso 

■812 

359 

•523 

3-268 

103 

178 

7-375 

1-04 

1-8 

•147 

•018 

434 

•580 

3681 

2-00 

1*82 

8-250 

1-30 

2'0 

•164 

1-025 

5-13 

•65  4 

48187 

2"85 

1-47 

0-187 

1-57 

2'4 

•106 

1-225 

6'05 

•785 

4'OOC 

3-32 

177 

11-062 

2-17 

2'8 

•229 

1431 

800 

•916 

5725 

4‘35 

2-06 

12-875 

2-84 

3‘0 

■246 

1-537 

10'O7 

•981 

6131 

402 

2'20 

13-750 

3-23 

40 

•328 

2.050 

17"21 

1809 

S'181 

8-37 

2-95 

18-437 

5-50 

50 

•410 

2 562 

26-22 

1-636 

10-225 

1275 

3'68 

23-000 

8-38 

6-0 

•402 

3-075 

36-95 

1-963 

12-268 

18-00 

4-41 

27-562 

11-81 

To  allow  for  bends,  &c.,  reduce  the  discharge  by  25  per  cent. 


Note. — A family  of  10  persona  at  15  gallons  per  head  will  draw1'-^-0- 

gallons  in  6 hours  = •§  gallon  per  minute 
= 0;032  c.ft.  a minute. 

Do.  20  gallons  do.  = 0"043  do. 

House  service  regulations. — House  service  pipes  are 
generally  laid  at  the  expense  of  the  owner  or  occupier  of  a 
property,  and,  in  large  towns  in  India,  by  licensed  plumbers, 
the  owners  of  the  water  works,  generally  the  municipal 
council,  laying  the  pipe  across  the  street  and  as  far  as  the 
boundary  of  the  property  only.  For  water  for  domestic  pur- 
poses, usually  no  charge  is  made.  This  sunply  is  usually 
limited  to  a certain  number  of  gallons  per  liead  ; and  this 
number  of  gallons  has  ordinarily  some  relation  to  the  amount 
of  water  tax  paid,  that  is,  so  many  thousands  of  gallons  per 
annum  are  allowed  for  so  many  annas  of  water  tax  paid ; 
above  this  quantity  water  is  charged  for,  as  is  water  for 
manufactures,  trades,  livery  stables,  &o. 

In  Calcutta  the  diameter  of  the  ferrule  allowed  is  made 
dependent  on  the  monthly  assessment  paid  on  tho  property 
thus : — 
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Monthly- 

assessment. 

Diam- 
eter of 
ferrule. 

Area. 

* 

Monthly 

assessment. 

Diam- 
eter of 
ferrule. 

Area. 

RS. 

1 to  4 
5 to  9 
10  to  50 
51  to  100 

INCH. 

4. 

K 

1 

4 

i 

i 

SQ. INCH. 
•0122 
•0490 
•1104 
1963 

RS. 

101  to  200 
201  to  300 
301  to  400 

INCH. 

t 

i 

1 

SQ.  INCH. 

•3068 

•4417 

•7854 

Note, — The  pressure  at  the  pumping  stations  is  from  70  to  80  feet. 


The  following  are  the  bye-laws  relating  to  water-supply 
adopted  by  most  of  those  municipal  towns  which  have  water- 
supplies  in  the  Madras  Presidency  : — 


Bye-laws  f ramed  under  Section  255  of  Act  IV  of  1884. 

WATER  WORKS. 

I.  House  Service. 

Applications  under  section  147  (1)  and  (3)  for  the  supply 
of  water  shall  be  in  writing  Form  A hereunto  annexed,  and 
shall  be  signed  by  the  applicant  and  by  the  owner  of  the 
building  if  the  applicant  be  merely  the  occupier  thereof. 

2.  Every  application  shall  be  accompanied  by  the  pay- 
ment to  the  municipal  council  of  such  a fee  not  exceeding 
Rs.  3 for  the  preparation  of  an  estimate  of  the  cost  of  laying 
on  the  water  as  the  council  may  fix.  Upon  such  payment 
the  estimate  shall  be  prepared  under  the  orders  of  the  council, 
and  shall  be  delivered  to  the  applicant. 

3.  Upon  payment  to  the  council  of  the  amount  mentioned 
in  the  estimate,  the  work  estimated  for  shall  be  carried  out. 

4.  Each  house  to  which  water  is  laid  on  shall  be  pro- 
vided with  a separate  service  pipe  and  stop  cock.  No  two 
houses,  whotlier  the  property  of  one  owner  or  not,  shall  be 
supplied  through  the  same  service  pipe. 

5.  Every  person  who  desires  to  put  an  end  to  a contract 
entered  into  by  him  under  section  147  (3)  shall  give  notice 
in  writing  to  the  municipal  council  that  the  supply  of  water 
is  no  longer  required  by  him. 

6.  An  owner  or  occupier  of  a dwelling  in  any  street 
through  which  no  main  has  been  laid  at  the  cost  of  the 
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municipal  council  may  have  a street  main  laid  down  for 
the  supply  of  water  to  such  dwelling  upon  such  terms  as 
may  be  agreed  upon  between  him  and  the  council ; but  such 
main  when  laid  down  shall  belong  to  the  municipality. 

Every  such  street  main  shall  be  of  such  diameter  as  the 
council  may  direct,  and  of  such  length  as  may  be  arranged 
between  the  council  and  the  applicant. 

II.  Water  Rates. 

7.  All  water  taken  in  excess  of  the  quantity  arranged 
under  section  147  (!)  to  be  supplied  for  domestic  purposes, 
and  all  water,  supplied  for  other  than  domestio  purposes 
under  section  147  (3),  shall  be  paid  for  at  such  rates  as  may 
from  time  to  time  be  fixed  by  the  municipal  council. 

III.  Meters. 

8.  The  municipal  ^council  may  fix  a meter  to  any  service 
pipe  whenever,  and  for  such  a length  of  time  as  it  may 
consider  such  fixture  necessary.  The  cost  of  fixing  and 
removing  such  meter  shall  be  paid  by  the  occupier  of  the 
dwelling  to  which  the  service  pipe  is  attached  ; or,  in  the  case 
of  a service  pipe  laid  down  for  the  supply  of  water  for  other 
than  domestic  purposes,  by  the  person  on  whose  application 
such  pipe  was  laid. 

IV.  Public  Fountains  and  Stand  Pipes. 

9.  No  person  shall  bathe  or  shall  wash  animals  or  clothes 
at  any  public  fountains  or  stand  pipes,  or  shall  dr.-.w  water 
therefrom  except  for  domestic  purposes,  without  the  per- 
mission of  the  municipal  council  first  obtained. 

V.  Public  Tanks. 

10.  No  tank  filled  free  of  charge  by  the  municipal  water 
works  shall  be  used  for  any  other  purposes  than  bathing, 
swimming  and  the  washing  of  such  clothes  as  the  person 
washing  them  may  be  wearing  at  the  time. 

11.  Water  from  public  tanks  may  be  carried  away  in 
chatties,  but  shall  not  be  taken  or  boiled ' from  such  tanks 
for  garden,  irrigation,  mechanical  or  ornamental  purposes. 

VI.  Penalties. 

12.  Whoever  commits  any  breach  of  these  bye-laws 
shall  be  liable  on  conviction  to  a fine  not  exceeding  Rs.  20, 
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and.  to  a fine  not  exceeding  Rs.  10  for  every  day  or  part 
of  a day  during  which  tho  breach  is  continued  after  such 
conviction. 

Form  A 

To 

The  Chairman, 

Municipal  Council,  

Sir, 

I,  the  of  the  undernoted  building,  hereby  request 

that  you  will  arrange  to  supply  me  with  water  tor  domestic 

purposes  in  house  ISo in  street.  I am 

prepared  to  pay  for  the  cost  of  the  pipes  required  for  the  intro- 
duction of  supply,  and  I herewith  send  Rs.  3 as  a fee  for  the 
preparation  of  the  estimate. 

I also  agree  not  to  use  water  in  excess  of  the  quantity 
allowed  by  the  council  under  section  147  (1)  and,  further,  if  I 
require  water  in  addition  thereto  or  for  non-domestic  purposes, 

to  pay  for  such  water  at  the  rate  of  annas  per 

1,000  gallons. 

Countersignature  of  owner.  Signature  of 

The  rules  obtaining  in  Madras  in  regard  to  the  laying  of 
house  service  pipes  by  licensed  plumbers  are  as  below. 
These  are  followed  by  a specimen  estimate  such  as  these 
licensed  plumbers  prepare  and  obtain  approval  of  before 
beginning  work.  That  portion  of  the  work  up  to  the  outer 
wall  of  the  house  or  garden  is  usually  executed  by  the 
municipal  council  at  fixed  rates  : — 

RULES  REGARDING  HOUSE  SERVICE  CONNECTIONS. 

With  reference  to  sections  141  and  213  of  the  Municipal 
Act  I of  1884,  in  connection  with  a supply  of  water  to 
houses  for  domestic,  mechanical,  ornamental  or  business  pur- 
poses, the  work  within  private  lands  or  buildings  shall  be 
done  by  plumbers  who  have  been  found  duly  qualified,  and 
who  will  be  licensed  annually  after  signing  an  agreement 
and  paying  a fee  of  Rs.  10  within  the  first  month  of  each 
official  year. 

2.  Each  licensed  plumber  before  the  issue  of  the  license 
shall  be  required  to  deposit  with  the  Municipality  the  sum  of 
Rs.  100  as  a security  for  the  due  and  proper  fulfilment  of  a 
plumber’s  duties. 

3.  No  person  other  than  these  plumbers  will  be  allowed 
to  execute  any  work  in  connection  with  water-supply  to 
houses,  &c. 
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4.  If  one  or  more  plumbers  form  themselves  into  a com- 
pany, any  penalty  exacted  under  these  rules  shall  affeot  all 
plumbers  belonging  to  such  company. 

5.  A list  of  licensed  plumbers  shall  be  kept  in  the  Munici- 
pal office  and  at  the  office  of  the  Assistant  Engineer,  Water 
Works. 

6.  Those  plumbers  will  be  empowered  to  carry  out  all 
private  service  pipe  wrork,  including  new  servioe  pipes,  ex- 
tensions, alterations  and  repairs  subject  to  the  following 
rules,  and  to  any  reasonable  orders  given  by  the  officers  of 
the  Water  Works  department  from  time  to  time. 

7.  When  a new  service  pipe  is  required,  the  plumber 
selected  by  the  applicant  will  present,  at  the  office  of  the 
Assistant  Engineer,  Water  Works,  an  estimate  in  duplicate 
approved  of  by  the  owner  with  a form  of  application  re- 
questing to  sanction  the  work. 

8.  In  such  estimate  shall  be  included  the  cost  of  the  work 
on  the  roadways  and  streets,  &c.,  between  the  Commis- 
sioners’ main  and  the  premises,  including  the  tapping  of  the 
main,  excavation  in  roadway,  &c. ; for  such  work,  rates  will 
be  furnished  by  the  Commissioners,  and  this  work  will  be 
done  by  the  Municipal  Officers. 

9.  When  the  estimate  has  been  sanctioned,  the  plumber, 
after  receiving  advice  of  the  same,  shall  pay  into  the  Revenue 
department  of  the  Commissioners  the  cost  of  the  work  re- 
ferred to  in  the  last  paragraph  plus  an  amount  equal  to  two 
per  cent,  (or  such  other  percentage  as  may  be  fixed  from 
time  to  time  by  the  President)  on  the  amount  of  the  estimate, 
whioh  percentage  shall  form  portion  of  his  estimate. 

10.  The  plumber  shall  deposit  all  the  material  necessary 
for  the  work  ; after  receipt,  of  notice  of  such  deposit  the  Muni- 
cipality wdll  within  twenty-four  hours  inspect  the  material, 
and  if  the  material  is  of  the  proper  kind,  the  connection 
will  be  promptly  proceeded  with.  After  the  Municipality 
have  laid  the  necessary  connection,  an  advice  will  be  sent  to 
the  plumber  that  his  work  may  be  proceeded  with. 

11.  Extensions,  alterations  and  repairs  shall  be  executed 
under  a similar  procedure  in  regard  to  the  submission  of 
estimate,  payment  of  fees  and  execution  of  work.  No  new 
work,  extension,  alteration  or  repair  shall  be  done  except 
after  the  completion  of  the  procedure  required  by  the  fore- 
going rules. 

3 a 
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12.  All  plumbers  shall  keep  a book  to  be  provided  b) 
the  Municipality  in  which  shall  be  entered  all  details  of  works 
of  every  description  whatsoever  done  by  them  in  connection 
with  any  private  service  pipe.  Such  book  shall  be  Municipal 
property  and  shall  be  sent  to  the  Municipal  office  on  the  15th 
of  each  month. 

13.  All  repairs  required  under  the  Municipal  Act  by  the 
President-  or  authorized  officers  shall  be  done  by  such  plum- 
ber as  may  be  selected,  the  cost  of  such  repairs  will  bo  re- 
covered for  the  plumbers  under  the  powers  vested  in  the 
President  by  Act  I of  1884. 

14.  All  materials  used  or  to  be  used  and  all  work  done 
shall  be  subject  to  the  supervision,  approval  or  rejection  by 
the  duly  authorized  officers  of  the  Water  Works  department 
of  the  Municipality. 

15.  All  cocks,  taps  and  pipes  shall  be  of  a pattern  or 
patterns  which  shall  be  kept  at  the  Water  Works  overseers’ 
offices  and  at  the  Municipal  office. 

16.  No  cock,  tap,  valve,  sluice  or  other  such  fitting  shall 
be  used  hereafter  until  approved  of  and  stamped  at  the  Muni- 
cipal workshop  with  the  municipal  stamp  for  which  a fee  of 
annas  two  per  article  will  be  charged. 

17.  Whenever  a plumber  requires  water  to  be  shut  off 
from,  or  let  on  to,  any  premises,  he  shall  apply  to'  the  divi- 
sional ovei’seer.  No  plumber  shall  interfere  with  any  street 
stop-cock  or  stop-valve,  all  such  stop-cocks  or  stop-valves 
being  entirely  under  the  control  of  the  Commissioners. 

18.  The  President  may  at  any  time  fine,  suspend  or 
cancel  with  forfeiture  of  security  the  license  granted  to  any 
plumber  found  guilty  of  breaking  or  evading  any  bye-law  or 
other  regulation  of  the  Commissioners,  or  any  of  the  fore- 
going rules,  or  who  shall  be  guilty  of  any  breach  of  the 
Municipal  Act,  or  who  fails  to  comply  with  any  reasonable 
order  given  him  by  a duly  authorized  officer  of  the  Water 
Works  department  or  whose  work  in  the  opinion  of  the 
President  is  not  satisfactory. 

19.  Any  plumber  whose  license  has  been  suspended  or 
cancelled  shall  return  his  license  to  the  President  within 
twenty-four  hours  after  such  suspension  or  cancelment. 

20.  Any  person  who,  without  a license  from  the  President 
or  any  plumber  who  during  suspension  or  after  cancelment 
of  his  license  interferes  with  any  work  in  connection  with 
the  water-supply  will  be  prosecuted  under  section  222  of 
Act  I of  1884. 
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MADRAS  MUNICIPALITY. 

Water  Works  Department. 

Plumber's  Estimate. 


For  house  service  connection,  extension  or  alteration,  as  per 

application  for  Mr house,  No.  in  

Street,  Division  ; Muin  27"  diameter. 


| 

08 

Particulars. 

Rate. 

Per 

Amount. 

Total. 

<y 

RS.  a 

p. 

RS.  A. 

p. 

RS.  A.  p. 

50 

Feet  of  It"  pipe,  galva- 

0 

4 

6 

L.ft. 

14 

1 

0 

nized. 

60 

Feet  of  1"  pipe,  galvanized, 

0 

'3 

6 

do. 

10 

15 

0 

1 

It"  stop  cock 

6 

0 

0 

Each. 

6 

0 

0 

•1 

Cover  for  do.  ,.. 

1 

4 

0 

do. 

1 

4 

0 

• 

3 

It"  quarter  bends,  galva- 

0 

10 

0 

do. 

1 

14 

0 

nized. 

3 

1"  quarter  bends,  galva- 

0 

8 

0 

do. 

1 

8 

0 

nized. 

1 

It"  XI"  tee,  galvanized. 

0 

10 

0 

do. 

0 

10 

0 

2 

1"  X i"  taper  couplings  ... 

0 

4 

0 

do. 

0 

8 

0 

2 

t"  discharge  cocks 

2 

0 

0 

do. 

4 

0 

0 

4 

It"  and  1"  couplings 

0 

5 

0 

do. 

1 

4 

0 

Excavation  inside  com- 

0 

1 

3 

L.yd. 

1 

9 

0 

pound  20  L.  yds.  of  It" 
and  1"  pipe. 

Laying  and  jointing  20  L. 

0 

2 

0 

do. 

2 

8 

0 

yds.  of  It"  and  1"  pipe. 

4 

Cuts  and  screws  on  It" 

0 

10 

0 

Each. 

2 

8 

0 

pipe. 

6 

Cuts  and  screws  on  1" 
pipe. 

0 

8 

0 

do. 

3 

0 

0 

51  9 0 

1 

Total  ... 

... 

. ... 

... 

51  9 0 

.Municipal  work  at 

• 

Fixed  Charges. 

Excavation  in  road  way 

0 

2 

0 

Inch 

2 

0 

6 

for  13  L.yds.  of  It"  pip- 

L.  yd. 

ing. 

Main,  27  inches  ... 

0 

2 

0 

Inch. 

3 

6 

0 

For  boring,  tapping  and 

1 

0 

0 

do. 

1 

4 

0 

cutting. 

4 

1 

400 


CHAPTER  VII.— WATER-SUPPLY. 


Quantity. 

Particulars. 

Rate. 

Per 

Amount. 

Total. 

Municipal  works  at 

R8.  A.  P. 

RS.  A.  P. 

RS.  A.  P. 

© 

a 

Fixed  Charges— cont. 

t 

For  fixing  saddle  or  branch. 

... 

o. 

Do.  valve 

© 

Q 

Do.  stop  cock  li". 

0 2 0 

Inch. 

0 2 6 

© . 

Laying  and  jointing,  cut- 

0 10 

Inch. 

10  3 

a K 
0 

ting  and  screwing  13  L. 

L.  yd. 

© *r£ 

yds.  of  l£"  piping. 

© P- 

Building  up  valves  or  stop 

0 8 0 

Inch. 

u 10  u 

_ -s 

oock  and  fixing  cover. 

2 3 

Total  . . . 

8 7 3 

® S 

M 

_o 

2 percent,  for  supervision. 

13  2 

cS 

Stamping  charges  for  3 

0 2 0 

Bach. 

0 6 0 

Pi 

discharge  and  stop 

1 

cocks. 

10  0 5 

PP 

— 

* 

Total 

. . . 

61  9 5 

(Sd.)  , 

Licensed  Plumber. 

I approve  of  this  Estimate , and  request  it  may  be  sanctioned. 


Madras,  ) (Signed)  , 

Date  i Owner  or  applicant. 


Insertion  of  branches. — When  cast  iron  pipes  are  used 
for  services,  or  other  branch  pipes  and  are  connected  with 
an  existing  main,  special  measures  have  to  be  taken.  If  the 
proposed  branch  pipe  is  only  of  slightly  less  diameter  than 
the  main  from  it  is  to  draw  its  supply,  it  is  desirable  to  cut 
out  a portion  of  the  main  and  put  in  a branch  and  for  this 
purpose,  what  is  known  as  a collar  or  sleeve,  is  required, 
thus — 
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AB  was  the  original  pipe  laid,  the  portion  CD  is  out  out  and 
the  branch  CD  inserted,  the  joint  C being  made  by  a collar 
which  is  slipped  on  over  the  part  C A and  then  brought  into 
position  when  the  branch  has  been  inserted ; a preferable 
plan  is  to  place  the  branch  so  that  the  points  D and  B 
coincide  and  only  one  extra  joint  is  then  added  to  the  pipe 
line  instead  of  two. 

The  other  method  referred  to,  of  joining  a branch  to  an 
existing  main  is  by  means  of  what  is  known  as  a ‘saddle.’ 
This  may  be  of  either  cast  or  wrought  iron  according  to  its 
size.  In  this  method  a holo  is  cut  in  the  main  pipe  of  the 
diameter  of  the  branch  pipe  to  be  laid  and  the  pipe  is  then 
jointed,  all  as  illustrated. 

It  is  well  to  avoid  all  such  joints  and  wherever  a branch 
is  likely  to  be  required,  it  is  advisable  to  put  in  a branch 
pipe  when  laying  the  main  and  plug  it  until  required. 

Whoro  the  branch  is  to  be  of  wrought  iron  and  of  small 
diameter  compared  with  the  main,  a hole  is  tapped  in  the 
main  and  a ferrule  inserted  to  which  the  branch  is  attached. 
There  are  several  tools  made  for  this  purpose  so  that  the 
ferrule  can  be  inserted  when  the  main  is  under  pressure. 

Branches  to  hydrants,  &c. — Branch  pipes  may  be 
taken  from  the  main  in  several  directions  from  the  top,  from 
the  bottom  or  horizontally.  It  has  been  suggested  that  the 
depth  at  which  the  mains  should  be  laid  should  not  be  less 
than  3 feet  and  so  as  to  allow  not  less  than  4 inches  between 
the  top  of  valve  spindle  and  surface  of  road.  These  condi- 
tions may  be  modified  to  some  extent,  the  mains  being  placed 
at  such  a depth  below  ground  as  will  allow  of  the  branch 
pipe  being  taken  from  the  side  or  top  of  a main,  the  cover 
of  any  hydrants,  air  valves,  &c.,  affixed  to  them  being  at 
road  surface.  The  following  diagram  shows  the  various 
directions  in  whioh  a branch  may  be  laid  to  admit  the  top  of 
the  surface  boxes  of  hydrants,  air  valves,  &c.,  being  at  road 
surface  level,  or  so  that  a service  pipe  may  be  run  into  a 
house  at  a certain  depth  below  road  level.  Although  the 
main  pipe  may  be  laid  so  as  to  have  the  valves  on  it  arranged 
as  above  described,  there  may  be  undulations  in  the  road- 
way, and  at  the  site  of  a branch  it  may  then  be  necessary  to 
carry  the  branch  at  a much  lower  or  higher  level  than  the 
main.  This  and  other  circumstances  decide  which  of  the 
following  methods  should  be  adopted.  The  top  of  a main  is 
the  preferable  position  for  an  ordinary  branch,  scour  pipes 
should  always  be  taken  from  the  bottom  : — 
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Prevention  of  waste. — The  prevention  of  waste  of 
water  is  one  of  the  most  difficult  matters  in  regard  to  Indian 
water-supplies  where  such  a very  large  proportion  of  the 
water  is  delivered  at  public  fountains.  The  consumption  by 
private  houses  which  have  gardens  and  for  manufactures  and 
trades  is  generally  excessive,  and  all  such  service  pipes  ought 
to  have  a meter  attached  so  that  excessive  consumption  can 
be  chocked  and  a charge  made. 

A water  meter  is  a somewhat  expensive  article,  but  it  is 
generally  found  that  its  first  cost  is  very  soon  repaid  if  it 
is  applied  with  discretion. 

The  following  meters  are  among  those  best  known  and 
their  cost  is  as  noted.  Tylor’s  meter  is  illustrated  below 
and  Siemen’s  and  Kent’s  in  the  diagram  overleaf : — 


Siemen’s 


Size,  of  inlet  and  outlet  in  inches. 


METERS 
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The  price*  a/e  in  shillings  and  are  the  prices  in  England. 
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C UA  P TER  VII.  — WA  TER- SUP  PL  7. 


COST  OF  WATER  WORKS. 

The  cost  of  water-supply  works  naturally  shows  great 
variation  not  only  in  the  total  cost  but  as  to  the  cost  per 
hoad  ; tho  distanco  materials  have  to  bo  transported,  limited 
rainfall  or  the  reverse,  distance  from  a railway  or  canal, 
difficulties  of  transport  and  low  exchange  are  all  very  serious 
factors  in  the  cost ; difficulties  in  execution,  distance  of  a 
town  from  the  gathering  ground,  costly  labour,  a small 
population  or  small  density  per  acre  on  the  town  area  are 
local  circumstances  affecting  the  cost  and  it  is  not,  therefore, 
possible  to  say  what  the  cost  of  a supply  for  any  particular 
population  will  be ; the  following  table  gives  information 
with  reference  to  numerous  towns  for  which  water  works  have 
been  constructed  or  are  under  construction ; those  towns 
marked  * have  not  yet  begun  their  projects,  but  the  expend- 
iture, as  anticipated  as  shown,  is  taken  from  the  estimates 
submitted  to  Government  for  their  construction  : — 
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It  may  be  interesting’  to  compare  the  cost  of  Indian  water- 
supplies  with  those  of  England.  Notwithstanding  that  the 
greater  portion  of  the  expenditure  in  Indian  supplies  is  due 
to  stores  purchased  in  England,  their  cost  per  head  of  popu- 
lation is  very  much  less,  duo  probably  in  part  to  cheapness 
of  labour  and  less  perfection  of  distribution. 


Table  showing  cod  per  head  of  some  of  the  larger  works 
per  head  of  population. 


— 

Population. 

Cost  por 
head. 

London  ... 

3,800,000 

£ s. 
4 0 

d. 

0 

Liverpool 

500,900 

4 0 

0 

Bradford 

150,000 

7 0 

0 

Dundee 

120,000 

0 0 

0 

Cadiz 

133,000 

3 10 

0 

Table  showing  cost  of  Gravitation  Works. 


u 

« V 2 

Name  of  town  of 
district. 

Population. 

= j>> 

5 ►>  z. 
•5 'a  g- 

_ o 

•u 

* *S 

Total  cost. 

- E 

. O , • 

o S’ 

^ o.br'h 

•4J  O-.  Ph 

*v  U2 

& 

o 12 
0.5 

O X CM  Ph  , 

o 

G A US. 

£ 

* 

Abordare 

20,000 

50,000 

20,000 

8’00 

Abergavenny 

5.000 

100,000 

4,500 

■90 

Aylesbury 

20,000 

300,000 

40,000 

2’CO 

Ayr  

16,000 

600,000 

41,000 

1’3G 

Carnarvon 

9,000 

1 ,000,000 

18,000 

•30 

Dumbarton 

11,000 

250,000 

-4-> 

15,000 

1-20 

Dumfries 

Gloucester 

15.000 

21.000 

323,000 

*700,000 

o 

14.000 

60.000 

0’8G 

1’71 

Hamilton 

10,686 

121,000 

10,000 

l’G5 

Ileywood 

30,000 

700.000 

80,000 

2’28 

Lancaster 

16,000 

750,000 

40,000 

1’07 

Loughborough  ... 

1 2,000 

300,000 

25,000 

1-G6 

Kochdale 

38,164 

GOO, 000 

74,494 

2-48 

Stirling 

14,000 

500,000 

18,000 

•?2 
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Table  showing  cost  of  Pumping  I Porks. 


1 

Name  of  town  or 
district. 

Population 

1 

Maximum 

daily 

supply. 

Constant  or 
intermittent. 

Total  cost. 

Cost  for  a 
supply  of  , 
20  gallons 
per  day.  | 

GALS. 

r 

£ 

£ 

Banbury 

<5,000 

2 1 ,000 

17,000 

•91 

B.srnstiple 

1 0.000 

4 10  000 

10,800 

•49 

Cambridge 

30,000 

417.000 

48/  00 

230 

Carlisle  ... 

29,000 

1 ,000,000 

44,000 

•88 

Cork 

90,000 

0,009,000 

1 1 2,000 

•37 

Dorchester 

7,000 

900.000 

13,000 

0-27 

Durham  ... 

20.000 

200,000 

20,000 

1-54 

Hereford 

1(5,000 

850,000 

Z 

1 5.000 

0-35 

Inverness 

12,000 

300,000 

1 3,000 

•72 

Newark-upon- 

12,000 

250,000 

r- 

o 

52,000 

4-15 

Trenf . 

Ormskiik 

0,000 

250,000 

10,000 

o-so 

Perth  

2 4, 000 

000.000 

19,000 

O' 03 

Saffron  Waldon ... 

3,000 

100.000 

4,000 

0'80 

Southampton 

54,000 

3,000,000 

50/  GO 

0-33 

Wallasey 

1 5,000 

800,000 

44,000 

1-10 

Weymouth 

12,000 

000/900 

IS,  000 

•oo 

York 

50,000  J 

1,500.000 

J 

8S,000 

1 '17 

Table  showing  cost  of  Gravitation  and  Pumping  JVorks. 


Name  of  town  or 
district. 

Population. 

r* 

S ►.'E, 

2 ti  3 

J?  T3  <0 

Constant  or 
intermittent. 

Total  cost. 

Cost  for  a 
supply  of 
20  gallons 
per  day. 

GALS. 

£ 

£ 

Enfield  ... 

4/70 

200,000 

• 

-S-’ 

a 

r 

17,500 

1-75 

JIarl  lucool 

30,000 

2,000,000 

cd 

75,000 

0-75 

Kendal  ... 

13,000 

300.000 

£ 

15,500 

1-03 

Merthyr... 

55,000 

1 ,500,000 

a 

o 

O 

84,000 

112 

An  average,  taken  over  06  towns  in  Europe  supplied  by 
gravitation  without  pumping,  showed  the  cost  to  he  £T6  for 
a supply  of  20  gallons  per  head  daily,  and  an  average  over 
11  towns  with  gravitation  and  pumping  works  showed  an 
expenditure  of  £1'4  per  head.  The  cost  of  the  Calcutta 
works  was  about  £1*7 S (before  the  new  main  lately  con- 
structed was  laid  down) ; and  the  Madras  works,  it  is  expected 
when  complete,  will  ccst  £l-87  per  head.  The  cheapness  of 
labour  in  this  country  compensates  for  the  very  heavy  char o-es 
connected  u'ith  the  conveyance  to  this  country  of  iron  pipes, 
fittings,  Ac. 

'Ihie  following  further  details  of  the  cost  of  several  por- 
tions of  water-supplies  will  be  found  useful;— 


7al'e  showing  number  of  gallons  per  square  yard  and  cost  per  square  yard  o Upon  filler  beds. 


coat  or  wat£u  works. 
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APPENDIX  TO  CHAPTER  No,  VIT, 


BULKS  FOB  STARTING  AND  WORKING  FILTERS, 


Start  ing  filters. — The  filters  nre  supposed  to  he  free  from 
water,  as  they  will  ho  after  thorough  cleaning  or  when  used 
forthe  first  time.  Under  these  circumstances  it  is  desirable  to 
begin  the  filling  from  the  bottom,  if  possible,  and,  where  the 
service  reservoir  is  adjacent  to  the  filter  bed,  that  reservoir  should 
be  partly  filled  with  water  (unfiltered  water  will  have  to  be  used 
if  the  filters  are  being  started  for  the  first  time)  and  the  water 
passed  from  the  service  reservoir  to  the  filters.  For  this  purpose 
the  telescopic  regulating  pipes  of  the  filter  outlets  should  be 
lowered  to  their  full  extent.  The  valve  between  the  filters  and 
reservoir  should  be  regulated  so  that,  after  the  water  reaches 
the  level  of  the  top  of  the  telescopic  pipe,  the  supply  to  the  filters 
is  such  that  the  water  does  not  rise  more  than  4"  per  hour  ; the 
water  must  be  allowed  to  rise  until  it  stands  at  a height  of  6" 
over  the  top  of  sand.  The  number  of  hours  the  filter  will  take 
to  fill  depends  on  the  height  in  inches  which  the  surface  of  the 
sand  is  above  the  floor  plus  6",  divided  by  4,  thus  if  the  sand 

QO"  i 0" 

is  5' — C",  or  60"  above  the  floor,  then  ^ — =16  hours — 30 

minutes.  If  the  rate  exceeds  this,  the  sand  will  be  disturbed 
and  this  must  never  be  allowed  to  occur.  The  remaining  depth 
of  water  over  the  sand,  ordinarily  (3' — 0")  — (O' — 6")  = 2' — 6", 
maybe  filled  through  the  valves  which  will  be  used  daily  for 
supplying  the  filters,  but  at  the  same  rate  as  before  until  a height 
of  l' — 6"  is  attained  above  sand  level;  after  this  the  remaining 
1' — 6"  may  be  filled  at  a higher  speed. 

Process  of  filtering. — A filter  bed  filled  ns  above  should  not 
be  used,  but  should  be  left  standing  full  of  water  (the  outlet 
valves  being  closed  and  the  telescopic  out’et  pipes  being  raised 
to  their  full  height)  until  after  the  expiry  of  24  hours.  The 
working  of  the  filters  may  then  bo  begun.  To  do  so,  the 
telescopic  pipe  should  be  gradually  lowered  until  there  is  a 
slight  flow  of  water  from  the  filter,  and  this  lowering  shall  be 
verv  slowly  increased  until  the  water  from  the  filter  is  passing 
through  it  at  the  rate  of  in  depth  per  hour.  This  flow,  it  is 
impossible  to  determine  from  observations  at  the  filier  itself,  or 
from  any  service  reservoir  -which  is  itself  being  drawn  off.  It, 
cannot  be  determined  from  the  filter  bod,  because  the  inlet  valve 
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to  the  filter  bed  should  be  so  regulated  that  the  depth  of  water 
over  the  sand  is  maintained  at  three  feet  except  when  emptying  a 
filter,  the  rate  of  filtration  being  entirely  dependent  on  the  lower- 
ing of  the  telescopic  pipe  outside  the  filter.  If  the  service 
reservoir  into  which  the  filtered  water  is  passing  is  not  being 
drawn  from,  then  the  rate  can  be  determined  thus  ; the  rise 
in  the  service  reservoir  is  in  the  inverse  proportion  to  4"  as  the 
area  of  tiro  filter  bed  at  the  water  level  is  to  the  area  of  the 
reservoir  at  its  water  level ; thus,  if  the  area  of  the  filter  bed  is 
twice  the  area  of  the  service  reservoir,  then  the  rise  must  be 
2 x 4"=:  8"  per  hour  in  the  service  reservoir.  To  determine 
the  rate  of  flow  through  a filter  bed,  the  outlet  valve  of  the 
service  reservoir  into  which  it  is  discharging  may  be  shut 
off  for  half  an  hour,  and  the  rise  of  surface  in  the  reservoir 
measured. 

Telescopic  pipes  are  sometimes  furnished  with  a gauge  rod, 
and  if  the  depth  of  water  flowing  over  top  of  pipe  be  noted  and 
tire  circumference  of  the  pipe  tahen  as  the  length  of  a weir  by 
determining  a proper  co-efficient,  the  flow  can  be  approximately 
calculated. 

To  maintain  the  same  rate  of  flow  (because  as  filtration  goes 
on  the  filter  gets  more  foul  and  organic  matter  will  have  collected 
and  closed  up  the  pores  in  the  sand),  the  filtering  head  of  water 
will  have  to  be  gradually  increased  ; this  is  done  by  lowering 
the  telescopic  valves  outside  the  filter.  The  head  of  three  feet 
depth  of  water  over  the  sand  surface  is  never  to  be  increased 
or  diminished  and  as  no  influence  whatever  on  the  rate  of 
filtration.  The  telescopic  pipe  must  be  lowered  and  the  filter 
head  in' reused  very  gradually.  Any  sudden  fluctuation  of  head  is 
to  be  avoided.  When  the  proper  rate  of  flow  has  again  been 
attained,  the  filter  will  be  allowed  to  discharge  under  that  head 
until  a further  increase  of  filter  head  is  necessary. 

But  the  filter  head,  that  is,  the  difference  of  level  between 
the  surface  of  the  water  in  the  filters  and  the  level  of  the  sur- 
face of  the  water  flowing  over  the  top  of  telescopic  pipe  must 
never  exceed  'A — 0";  and  when  (or  before!  this  limit  is  reached 
the  filter  bed  must  be  put  out  of  use  and  cleaned.  It  may 
sometimes  be  necessary  to  clean  a filter  bed  before  the  limit  is 
reached,  as,  after  a,  filter  has  been  some  weeks  in  act  on,  espe- 
cially in  hot  weather,  organic  matter  collects  on  the  surface, 
which  matter  will  die  and  putrefy.  As  soon,  therefore,  as 
spongy  particles,  or  masses  of  organic  matter,  shew  on  the 
surface,  a filter  must  be  put  out  of  action. 

Emptying  and  cleansing. — Bor  the  purpose  of  ordinary 
cleansing,  the  water  will  be  run  into  the  service  reservoir 
until  it  is  [drawn  down  to  the  level  of  the  sand.  This  is  done 
not  by  altering  the  rate  of  flow  but  by  closing  the  valve  of  the 
inlet  pipe  to  the  filter  bed  and  lowering  gradually  the  telescopic 


RULES  FOR  STARTING  AND  WORKING  FILTERS.  421 

pipe  so  that  the  depth  of  flow  over  its  mouth  is  not  increased, 
” h©n  the  water  has  been  lowered  to  sand  level,  the  scour  valve 
of  the  filter  bed  should  then  be  opened  and  the  water  lowered 
until  it  stands  one  foot  below  tho  surface  of  the  sand,  or  more 
if  the  saud  is  not  in  a fit  condition  for  workmen  to  move  over  it 
without  injuring'  its  compact  surface  and  sinking  into  it.  Work- 
men must  then  with  wooden  shovels  carefully  remove  a depth 
of  sand  not  exceeding  one  half  inch  in  thickness.  The  sand  so 
removed  must  be  taken  away  and  deposited  near  the  sand- 
washing box.  After  that  depth  of  sand  has  been  carefully 
removed,  the  sand  surface  must  bo  carefully  raked  with  (so 
called)  wooden  rakes  without  teeth,  until  the  surface  is  perfectly 
level  aguin.  The  filter  should  then  he  left  exposed  for  2 4 hours 
at  least,  before  water  is  filled  into  it  again  ; this  must  be  done 
as  before  until  the  water  rises  to  a level  of  6"  above  the  sand 
in  the  manner  already  described.  When  it  is  necessary  to  clean 
the  side  walls  of  a filter,  this  may  be  done  from  a raft,  before 
the  filter  is  emptied  and  the  water  in  the  filter  used  for  the 
purpose ; but  in  such  case  all  the  water  in  the  filter  must  be 
then  emptied  through  the  scour  valve. 

Renewal  of  sand. — The  sand  taken  from  the  filter  is  not  to  be 
replaced  until  one  foot  in  thickness  of  the  sand  has  been  removed, 
therefore  not  until  the  sand  surface  has  been  scraped  24  times 
will  it  be  necessary  to  replace  the  sand. 

Washing  of  sand. — The  sand  removed  from  the  filters  shall 
be  thoroughly  washed  in  the  sand-washing  box.  The  box  must 
be  almost  filled  and  water  let  in  under  the  sand  with  a pressure 
of  about  7 to  8 feet  of  water.  The  sand  must  be  stirred  about 
until  the  effluent  water  is  perfectly  clear.  It  is  necessary  that 
the  sand  should  be  washed  immediately  it  is  removed  from  the 
filters  and  not  just  before  it  is  to  be  replaced.  Fine  sand  is 
likely  to  be  run  out  with  the  impurities  from  the  sand  and  it  is 
therefore  very  necessary  to  see  that  this  is  arrested  and  not 
allowed  to  choke  the  waste  water  culvert.  The  sand  must  be  so 
thoroughly  washed  that,  when  a sample  is  placed  in  a tumbler 
of  water  and  stirred,  it  does  not  shew  any  turbidity. 

When  the  sand  has  been  washed,  it  should  be  thrown  into 
heaps  in  one  corner  of  the  filter  bed. 

The  replacing  of  the  sand  should  be  done  after  emptying 
the  filter ; the  sand  must  be  thoroughly  tamped  and  levelled 
and  the  filter  then  refilled  as  already  described. 
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DBA  IN  A GE. 

No  rules  universally  applicable  to  sewerage 
works. — The  construction  of  conduits  for  sewage  or  sewera 
falls  specially  within  the  province  of  an  Engineer,  hut  it  may 
be  tajmn  as  an  ascertained  fact  that  no  abstract  rules  univer- 
sally applicable  can  be  laid  down  for  his  guidance  in  the 
prosecution  of  works  of  sewerage,  though  there  are  some 
general. principles  common  to  all  such  wnrks. 

Requirements  of  sewage  works. — Local  conditions 

and  requirements  must  influence  an  Engineer  in  deciding 
upon  the  main  feature  of  any  sewage  scheme.  In  all  cases, 
however,  it  is  the  first  requirement  that  the  works  as  con- 
structed must  fulfil  their  sanitary  mission  and  the  second,  that 
the  profitable  disposal  of  the  matters  dealt'  with,  though  a 
point  of  minor  importance,  should  not  be  lost  sight  of. 

Preliminary  steps  necessary. — The  wnrks  for  the 
drainage  of  a town  comprise  those  necessary  for  carrying  off 

(1)  surface  water,  (2)  fnecal  and  liquid  refuse,  (3)  sub-soil 
water ; and  before  any  design  can  be  prepared,  inquiries  on 
the  following  points  are  necessary,  viz.  : — 

(!)  The  area  of  the  district  to  bo  served. 

(2)  The  geological  character  and  physical  outline  of  the 
district. 

(3)  The  amount  of  rainfall,  and  the  proportion  to  be 
permitted  to  enter  the  sewers. 

(4)  The  present  population  and  rato  of  increase. 

(5)  The  amount  of  the  water-supply. 

(6)  The  position  of  the  outfall. 

(7)  The  position  and  size  of  any  existing  sewers,  channels 
or  water-courses. 

(8 1 The  existing  mode  of  disposing  of  sewage,  fsecal 
matters,  &c. 

(9)  Information  should  also  be  obtained  as  to  the  pre- 
vailing winds,  the  heaviest  known  rainfalls,  and,  if  the  town 
is  near  the  soa  and  the  outfall  is  proposed  to  be  into  the 
sea,,  as  to  the  currents  passing  up  and  down  the  coast  at 
various  times  of  the  year  and  as  to  any  erosion  or  accretion 
taking  place  on  the  sea  shore. 

Plans  required. —The  following  plans  should  then  be 
prepared  : — 
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(1)  A small  plan,  on  a scale  of  not  less  than  6 inches  to 
a mile,  of  the  area  to  be  drained,  showing  the  lines  of  existing 
and  proposed  main  sewers. 

(2)  Larger  plans  to  a scale,  say,  of  200  feet  to  the  inch, 
showing  the  exact  lines  of  the  sew'ers,  drains,  Ac.,  proposed, 
with  the  position  of  tho  outfall  and  with  the  levels  marked  on 
at  street-crossings,  at  summits  and  in  valleys. 

(3)  A plan,  to  a scale  of  30  to  60  feet  to  1 inch,  of  the 
main  streets  in  which  sewers  are  to  be  laid. 

(4)  Sections  of  tho  lines  of  tho  sewers  to  scales  of  not  less 
than  1 00  feet  to  an  inch  horizontal  and  1 0 feet  to  an  inch 
vertical,  noting  tho  levels  of  tho  lowest  floors  of  tho  adjacent 
houses. 

When  the  abovo  plans  have  been  completed,  and  the  main 
hues  on  which  the  works  are  to  be  constructed  have  been 
decided  upon,  the  preparation  of  detailed  plans  and  estimates 
should  then  be  commenced,  and  in  these  designs  tho  princi- 
ples hereinafter  stated  ought  to  bo  observed  as  far  as  possible. 

WATER  CARRIAGE  SYSTEM  (DESIGN). 

Water  carriage  system. — Many  systems  for  the  car- 
riage of  town  sewage  have  been  proposed ; but  of  all  these 
tho  water  carriago  system  is  the  best  adapted  to  the  varied 
requirements  of  a town  population,  and  to  this  system  the 
following  pages  liavo  reference. 

Admission  of  rainfall  to  sewers. — Where  the  rain- 
fall is  moderate,  there  -is  great  difloronco  of  opinion  as  to 
whother  or  not  rain  ought  to  bo  admitted  into  the  sewers,  but 
where  suitable  natural  outlets  for  rainfall  exist,  it  is,  of  course, 
more  economical  to  design  the  sewers  and  drains  to  carry  off 
sew'age  alone. 

Separate  system  preferable. — That  system  is  known 
as  the  separate  system,  and  is  preferable  to  the  combined 
system  in  which  the  sewers  carry  off  both  storm-w'aters  and 
sewage.  Where  proper  outlets  do  not  exist  for  storm-w'aters, 
or  where  these  flow'  on  to  lands  which  thereby  become  swampy 
or  marshy,  or  where  the  storm-w'aters  are  so  filthy  as  to 
pollute  any  stream  into  which  they  may  flowr,  the  adoption  of 
the  combined  system  is  advisable. 

Intermediate  system. — There  is  what  may  be  called 
the  intermediate  system  in  which  a portion  only  of  tho  rain- 
fall is  admitted  into  the  sewers.  This  is  for  the  reason  that 
a rainfall  of  small  amount,  or  the  first  portion  of  the  discharge 
from  a heavy  rainfall,  is  generally  loaded  with  impurities, 
while  the  water  afterwards  contributed  is  comparatively  pure, 
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Under  Indian  conditions  two  sets  of  sewers 
advisable.-— In  countries,  such  as  India,  where  there  are 
distinct  periods  of  wet  and  drought,  it  is  generally  desirable 
to  convey  away  the  excessive  storm-water  by  a distinct  set 
of  sewers  or  by  natural  outlets,  while  the  sewage  proper  is 
conveyed  away  by  a second  set.  The  reasons  for  this  are 
obvious  ; owing  to  the  large  amounts  of  rain  received  in  short 
periods,  sewers  or  conduits,  for  conveying  away  sewage 
combined  with  storm-water,  would  be  so  out  of  proportion  to 
the  work  they  would  ordiuarily  have  to  do,  viz.,  the  convey- 
ance of  sewage  alone,  that  they  would  be  sewers  of  deposit  and 
become  a danger  to  public  health,  and,  because  of  the  storago 
room  such  sewers  would  afford  for  gases  evolved  from  the 
sewage,  these  gases,  on  occasions  of  rainfall,  would  be  forced 
out  of  the  sewers  in  large  volumes ; where  the  contents  of 
sewers  would  have  to  be  pumped  out,  it  would  be  necessary 
to  provide  a large  reserve  of  machinery  and  to  keep  it  always 
ready  for  disposing  of  the  storm-waters ; this  would  form  a 
considerable  additional  item  of  expenditure. 

Rainfall  discharge. — As  has  been  pointed  out  in 
connection  with  ‘ water-supply,'"  the  discharge  from  any  area 
will  be  somewhat  less  than  the  amount  of  fall  as  indicated  by 
a rain  gauge,  and  during  the  heavier  falls  the  proportionate 
discharge  will  be  greater  than  during  falls  of  less  intensity. 
Therefore,  even  in  the  combined  system,  it  is  usual  to  fix 
on  a maximum  rainfall  per  hour  to  be  carried  off  by  the 
sewers  to  their  outfall,  any  further  amount  being  disposed  of 
at  storm- water  overflows  into  natural  channels. 

The  following  table  will  be  found  useful  in  making 
calculations  for  the  amount  falling  on  any  given  drainage 
area : — 


Table  showing  the  quantity  of  Rainfall  per  acre. 


Inches  in 
depth  of 

Cubic  feet 

Gallons  per 

Inches 
in  depth 

Cubic  feet 

Gallons  per 

rain. 

per  acre. 

acre. 

of  rain. 

per  acre. 

acre. 

1 

363 

2,262 

•6 

2,178 

13,573 

■15 

544-5 

3,393 

•65 

2,359-5 

14,704 

•2 

726 

4,524 

•7 

2,541 

15,836 

•25 

907-5 

5,656 

•75 

2,722-5 

16,967 

•3 

1,089 

6,787 

•8 

2,904 

18,098 

•35 

1,270'5 

7,918 

•85 

3,085*5 

19,309 

'4 

1,452 

9,049 

•9 

3,267 

20,360 

•45 

1,633-5. 

10,180 

•95 

3,448"5 

21,491 

•5 

1,815 

11,311 

ro 

3,630 

22,622 

•55 

1,996-5 

12,442 

i 
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Rainfall  discharges  with  reference  to  the  phy- 
sical character  of  an  area. — The  physical  outline  oi  a 
district  will  have  a material  effect  on  tho  quantity  of  water 
conveyed  to  the  sewers,  as,  where  tho  area  to  bo  drained  is  of 
considerable  declivity,  the  flow  during  rainfall  will  bo  greater 
than  from  areas  where  less  steep  gradients  prevail. 

Geology  of  drainage  area  to  be  considered. — The 

geological  character  and  physical  outline  of  a district  are  points 
on  which  information  should  be  carefully  obtained,  especially 
in  reference  to  tho  dopth  of  the  various  strata  underlying  the 
tow'n,  the  depth  at  which  rock  or  other  hard  stratum  is  met 
with,  and  tlio  level  of  the  subsoil  wrater  during  tlio  various 
soasons  of  tho  year. 

Arrangements  to  admit  subsoil  water  to  sewers 
not  desirable. — As  has  been  already  pointed  out,  sudden 
variations  in  the  level  of  subsoil  water  are  apt  to  be  followed 
by  outbreaks  of  disease,  and  therefore  in  many  sewerage  sys- 
tems distinct  provision  is  made  for  tho  drainage  of  the  sub- 
soil. It  is  not  a good  plan  to  make  special  provision  for 
subsoil  water  entering  a sewer,  for  if  that  bo  done,  unless 
there  is  a great  depth  of  subsoil  water  over  the  sower,  it 
affords  an  unnecessary  facility  for  the  sewrago  to  pass  into  tho 
soil.  It  is  in  porous  soils  extremely  difficult  to  keep  sub- 
soil wrater  out  of  the  sew'ers,  and  sewers,  made  of  tho  best 
pressed  bricks  with  the  strongest  cement,  which  aro  below 
subsoil  water  level,  will  be  found  to  have  a flow  of  water  in 
them  before  any  sewage  is  admitted.* 

Subsoil  drainage.  — A good  plan  for  tho  drainage  of 
the  subsoil  is  to  embed  the  sewers  in  clay,  and  then  to  fill  the 
trenches  for  some  3 or  4 feet  above  them  with  clean  gravel 
or  sharp  sand  ; in  such  cases,  however,  the  trenches  must  be 
carried  on  to  some  place  where  they  will  havo  a clear  outfall. 

Statistics  of  population.  — As  to  tho  population, 
statistics  within  tho  last  ton  years  will  bo  usually  available, 
and  a reference  to  previous  census  reports  will  enable  the 
prospective  increase  of  population  to  bo  gauged  ; vide  Vital 
Statistics. 

Calculation  of  population  per  lineal  foot  of  street 
desirable. — It,  is  advisable,  wrhon  designing  drainago  works, 


* Note. — In  wet  soil,  the  leakage  into  pipe  sewers  will  amount  to  not 
less  than  1 cubic  foot  per  minute  per  mile.  It  is  calculated  that  one  drop 
of  water  per  second  from  each  pipe  joint  will  amount  to  i cubic  foot 
per  minute  per  mile, 
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to  find  out  the  number  of  persona  residing  in  a certain  length 
of  street,  say  50  feet,  and  therefore  the  population  of  certain 
typical  streets  should  be  ascertained,  and  the  number  of  per- 
sons per  50  feet  of  street  calculated.  Certain  areas  of  a town 
will  be  more  densely  populated  than  other  areas,  and  the 
streets  selected  as  typical  should  be  from  among  those  pass- 
ing through  areas  having  very  varied  densities  of  population. 
The  density  of  the  population  affects  the  dimensions  of  the 
various  portions  of  sewerage  works,  because,  for  the  purposes 
of  design,  it  is  usual  to  suppose  that  each  person  uses  a 
certain  number  of  gallons  of  water  for  ablution  and  other 
domestic  purposes,  and  also  contributes  a certain  amount  of 
solid  or  liquid  excrementitious  matter  to  the  sewers. 

How  to  determine  quantity  of  fluid  matter  to 
be  dealt  with. — The  quantity  of  fluid  matter  which  the 
sewers  should  be  designed  to  carry  off  must  be  considered, 
firstly , in  relation  to  the  amount  of  the  water-supply  from 
any  water  works  ; secondly , in  regard  to  water  drawn  from 
tanks,  w'ells,  &c. ; thirdly , in  regard  to  the  amount  of  rain- 
fall, if  any,  to  be  admitted  to  the  sewers.  The  maximum 
hourly  discharge  should,  if  possible,  be  ascertained,  and  it 
should  also  bo  determined  whether  there  are  extraordinary 
variations  in  flow  on  different  days  in  the  week.  Tempera- 
ture affects  the  flow  to  a considerable  extent,  thus  hot  weather 
might  increase  the  water  consumption  and  waste  to  a greater 
extent  than  any  extra  amount  which  could,  in  a well  designed 
separate  system,  pass  into  the  sewers  during  rainfall. 

English  allowance. — In  England,  in  towns  where 
perfect  systems  of  water-supply  exist,  the  average  quantity 
allowed  for,  is  25  gallons  per  head  per  24  hours,  half  that 
quantity  passing  off  in  six  hours  ; the  sewers  have,  therefore, 
a capacity  sufficient  to  carry  off  50  gallons  per  head  of  popu- 
lation in  24  hours.  In  England,  however,  the  majority  of 
the  towns  have  large  manufactories,  the  houses  are  in  general 
provided  with  water  closets  requiring  large  quantities  of  water, 
and  all  waste  water  generally  falls  into  sinks  or  on  to  paved 
surfaces,  whence  it  flows  direct  to  the  sewers. 

Indian  requirements.^-In  India,  few,  except  the  large, 
towns  use  water  to  any  great  extent  in  manufactures  ; water 
closets  are  almost  unknown,  and  not  likely  to  become  popu- 
lar, and  a much  smaller  proportion  of  the  water  used  flows  off 
into  the  drains  ; taking  all  these  circumstances  into  consider- 
ation, it  is  probable  that  an  allowance  of  15  gallons  per  head, 
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one-half  flowing  off  in  6 hours  or  30  gallons  per  head  per 
24  hours  will,  for  most  towns,  bo  found  sufficient. 

Admission  of  faecal  matters  to  sewers. — Whether 

fcecal  matters  are  or  are  not  admitted  into  tho  sewers  is,  as 
to  the  volume  to  bo  carried,  a matter  of  little  importance. 
Taking  30  gallons  per  head  as  the  amount  to  bo  carried  away, 
and  looking  at  the  following  diagram,  where  tho  space 
enclosed  by  tho  outer  circlo  represents  that  total,  and  tho 
innor  dot  tho  comparative  quantity  of  solid  and  fluid  faecal 
mattor  per  head  to  bo  dealt  with,  it  will  bo  observed  that 
the  latter  quantity  is  extremely  insignificant : — ■ 


Main  points  to  be  observed  in  sewer  design  and 
construction. — Some  of  the  main  points  to  bo  observed  in 
designing  sewers  are  theso  : — 

( 1 ) Tho  sectional  area  and  gradient  of  a sov,  or  must  bo 
regulated  so  as  to  mako  it  self-cleansing,  and,  at  the  same 
time,  capable  of  carrying  off  effectively  the  maxirm  m quantity 
of  liquid  for  which  it  is  intended. 

(2)  Each  sewer  (unless  quite  impracticable)  should  be 
laid  in  straight  lines  with  oven  gradients  between  man-holes 
or  lamp-holes,  and  theso  gradients  must  not  bo  excessive, 
that  is,  they  must  not  be  such  as  will  make  the  velocity  of 
flow'  in  excess  of  (3  feet  per  second. 

(3)  Man-holes  and  lamp-holes  should  bo  of  the  most 
simple  construction,  and  their  design  suited  to  the  material 
to  be  used ; they  may  also  bo  made  to  act  as  flushing  or 
ventilating  chambers,  junction  shafts,  &c. 

(4)  Tributary  sewers  ought  not  to  join  at  right  angles, 
but  be  inclined  towards  the  direction  of  the  flow  of  main 
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sewers,  and  they  should  j oin  at  a height  equal  to  the  difference 
of  the  sectional  diameters. 

(5)  The  sectional  area  of  each  sewer  ought  to  be  as 
small  as  possible  with  reference  to  the  work  which  it  has 
to  do ; pipo  sewers  ought  not  to  be  less  than  6 inches  in 
diameter. 

(6)  Stone-ware  pipes  of  greater  diameter  than  18  inches 
ought  not  to  be  used ; brickwork  or  concrete  ought  to  be 
employed  for  sewers  above  that  dimension. 

Position  of  sewer  outfalls. — The  position  of  the  out- 
fall of  a sewer  is  of  great  importance.  In  general,  the  fall 
of  the  sewers  should  follow  the  natural  fall  of  the  district ; 
but  this,  in  some  cases,  may  be  impractical  or  injudicious. 
Sewers  should,  in  no  case,  be  discharged  into  any  natural 
stream,  nor  into  the  sea  where  the  currents  are  such  as  would 
wash  the  sewage  back  on  to  the  shore,  or  up  and  down 
the  coast  opposite  the  town. 

Indian  climate  suitable  for  sewage  farming. — 

The  climate  of  this  country  is  eminently  fitted  for  the  work- 
ing of  sewage  farms,  and  it  is  therefore  advisable  to  dispose, 
when  possible,  of  all  sewago  on  to  land ; what  is  called  the 
intermittent  system  of  irrigation,  which  will  hereafter  be 
described,  is  the  most  suitable  for  adoption.  In  such  a design 
it  is  a necessity  that  the  sewage  farm  should  be  on  that  side 
of  the  town  opposite  to  the  quarter  whence  the  prevailing 
winds  blow. 

Old  forms  of  sewers. — Sewers  were,  until  of  late 
years,  always  constructed  of  such  a size  that  men  might 
enter  them  to  clean  them  out,  and  they  were  usually  square 
in  section  or  approaching  that  form ; some  had  rounded 
bottoms,  some  arched  tops,  but  all  were  generally  too  large 
for  the  work  to  be  done. 

Sewers  to  be  designed  with  regard  to  the  work 
to  be  done. — As  previously  observed,  sewers  and  drains 
must  be  designed  of  such  size  and  dimension  as  will  accord 
with  the  work  they  havo  to  do,  and  they  must  not  be  made 
larger  than  this  work  requires.  Sewers  will  always  be  self- 
cleansing,  when  their  size,  form  and  inclination  are  propor- 
tionate to  the  volume  of  sewage  to  be  conveyed. 

Prevention  of  deposit. — In  order  to  prevent  deposit 
in  sewers,  it  is  necessary  to  ensure  a certain  velocity  in  the 
flow  of  sewage,  and  this  must  be  secured  throughout  the 
whole  system  of  sewers ; such  velocity  must  bo  sufficient 
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to  prevent  the  subsidence  of  any  matters  in  suspension  and 
also  to  move  along  the  bod  of  the  chaunol  any  solid  deposit. 
Under  any  circumstances  the  velocity  of  a sewer  should  not 
be  less  than  2 foot  per  second.  The  velocity  required  to 


move  certain  substances  is  as  under  : — 

Per  second. 
FT.  IN. 

Semi-fluid  mud  . . . . . . ..03 

Common  clay  . . . . . . ..OR 

River  sand  . . . . . . ..10 

Gravel  size  of  beans  ..  ..  ..  1 0£ 

Sea  shingle  about  1 inch  diameter  . . 2 2 

Broken  stones  . . . . . . ..40 


Rankine’s  rules  for  velocities  of  flow. — Professor 
Rankine  has  laid  it  down  as  a rule  that  the  velocity  in 
sewers  should  not  be  more  than  4|  feet  per  second  nor  less 
than  1 foot  per  second.  In  smaller  sewers,  however,  the  velo- 
city ought  to  be  proportionally  greater,  thus,  while  sewers 
12  to  24  inches  diameter  may  be  designed  for  a velocity 
of,  say,  2 or  2^  feet  per  second,  a drain  6 inches  or  9 inches 
in  diameter  should  have  a velocity  of,  probably,  not  less  than 
3 feet  per  second. 

Maximum  and  minimum  velocities. — When  the 
quantity  of  sewage  flowing  in  a sewer  is  likely  to  vary,  it  is, 
of  oourse,  necessary  to  ensure  the  minimum  velocity  when  only 
the  minimum  quantity  is  flowing.  Sewers  of  different  sizes 
may  have  the  same  velocity  of  flow  ; thus  the  following  sewers, 
viz.,  those  of 

10  feet  diameter,  2 feet  fall  per  mile. 


5 

do. 

do. 

4 

do. 

do. 

2 

do. 

do. 

10 

do. 

do. 

1 

foot 

do. 

20 

do. 

do. 

will  all  have  the  same  velocity,  but,  in  order  to  maintain  the 
same  velocity,  the  volume  of  flow  must  be  in  the  following 
ratio : — 

Ratio. 


10  feet  sewer 
5 do. 

2 do. 

1 foot  sewer 


100 

25 

4 

1 


The  following  tables,  extracted  from  Baldwin  Latham’s 
“ Sanitary  Engineering,”  show  (1)  the  proper  inclination  of 
circular  sewers  for  securing  various  velocities,  (2)  the  velo- 
cities in  circular  sewers  with  various  rates  of  inclination  : — 

3 i 
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(1)  Table  showing  the  proper  inclination  for  circular  sewers  for 
securing  various  velocities  { feet  per  second). 


Diameter 

iu 

inches. 

Kate  of  inclination  for 

V = 2 

V = 

25 

V = 

= 3 

v = 

35 

V 

4 

V 

— 

4-5 

3 

1 in  146 

1 in 

97 

lin 

69 

1 in 

51 

1 

in 

40 

1 

in 

32 

4 

1 in  194 

1 in 

129 

lin 

92 

lin 

68 

1 

in 

53 

1 

in 

42 

G 

1 in  292 

1 in 

193 

1 in 

137 

1 in 

102 

1 

in 

80 

1 

in 

G3 

8 

1 in  389 

1 in 

257 

] in 

183 

1 in 

137 ; 

1 

in 

106 

1 

in 

85 

9 

1 in  437 

1 in 

290 

1 in 

206 

1 in 

] 54  ; 

1 

in 

119 

1 

in 

95 

10 

1 in  486 

1 in 

322 

1 in 

229 

1 in 

171 

1 

in 

133 

1 

in 

106 

12 

1 in  583 

1 in 

386 

1 in 

275 

1 in 

205 

1 

in 

159 

1 

in 

127 

14 

1 in  681 

1 in 

450 

1 in 

321 

1 in 

239 

1 

in 

186 

1 

in 

148 

15 

1 in  729 

1 in 

482 

1 in 

344 

lin 

256 

1 

in 

199 

1 

in 

159 

16 

1 in  778 

1 in 

515 

1 in 

367 

1 in 

273 

1 

in 

212 

1 

in 

169 

18 

1 in  875 

1 in 

579 

1 in 

412 

1 in 

307  | 

1 

in 

239 

1 

in 

190 

20 

1 in  972 

lin 

043 

lin 

458 

lin 

342 

1 

in 

265 

1 

in 

212 

21 

1 in  1,021 

1 in 

676 

1 in 

481 

1 in 

359 

1 

in 

278 

1 

in 

223 

22 

1 in  1,069 

1 in 

708 

1 in 

504 

1 in 

376 

1 

in 

292 

1 

in 

233 

24 

1 in  1,166 

1 in 

772 

1 in 

550 

1 in 

410 

1 

in 

318 

1 

in 

254 

27 

lin  1,312 

1 in 

869 

1 in 

619 

1 in 

461 

1 

in 

358 

1 

in 

286 

30 

1 in  1,458 

1 in 

965 

1 in 

687 

1 in 

512 

1 

in 

398 

. 1 

in 

317 

33 

1 in  1,604 

1 in 

1,062 

1 in 

756 

1 in 

564 

1 

in 

438 

1 

in 

349 

36 

1 in  1,749 

1 in 

1,158 

1 in 

825 

1 in 

615 

1 

in 

477 

1 

in 

381 

40 

lin  1,944 

lin 

1,286 

1 in 

917 

lin 

683 

1 

in 

530 

! i 

in 

423 

42 

1 in  2,041 

1 in  1,351 

1 in 

962 

1 in 

718 

1 

in 

557 

; i 

iu 

445 

45 

1 in  2,186 

lin 

1,448 

lin  1,031 

1 in 

769 

1 

in 

596 

i 

in 

476 

48 

1 in  2,332 

1 in  1,544 

1 in  1,100 

1 in 

S20 

1 

in 

636 

i 

in 

508 

54 

1 in  2,624 

lin 

1,737 

1 in 

1,237 

1 in 

922 

1 

in 

716 

i 

in 

571 

I 

o 

o 

1 in  2,915 

lin 

1,930 

1 in  1,375 

1 in  1,025 

1 

in 

795 

i 

in 

635 

(2)  'I  able  showing  the  velocities  in  circular  sewers  {feet  per  minute ) when  running  full  or  half  full  at 

various  rates  of  inclination. 
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(2)  Table  showing  the  velocities  in  circular  sewers  ( feet  per  minute)  when  running  full  or  half  full  at 
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OF  A GIVEN  DIAMETER  AND  GRADE,  FOR  VARIOUS  DEPTHS  OF  FLOW. 
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Velocities  in  channels. — The  velocity  in  feet  per 
second  of  water  flowing  in  a channel  may  be  found  by  the 
formula — 

V = 9-/V/2F4 

where  F = fall  in  feet  per  mile  and  — is  the  HMD;  this 

will  be  found  a useful  formula  for  calculating  sewer  velocities, 
because  sewers  do  not  always  run  full,  as  water  pipes  under 
pressure  do. 

The  diagram  on  the  preceding  page  affords  a convenient 
method  of  computing  the  discharge  of  a circular  sewer  at 
any  depth.  The  calculation  may  be  made  as  follows : — 
Divide  the  depth  of  flow  by  the  diameter,  and  from  that  frac- 
tional depth,  thus  indicated  on  the  vertical  diameter,  draw  a 
horizontal  line  intersecting  the  curve  of  discharge  and  from 
this  latter  point- a vertical  line  to  the  base.  The  percentage 
indicated  on  the  base  will  be  the  relation  of  the  discharge 
required,  to  the  discharge  of  the  sewer  running  full. 

Suppose  the  diameter  of  the  sewer  to  be  12  inches. 

Do.  the  inclination  of  the  sewer  to  be  1 in  200. 

Do.  the  depth  of  flow  to  be  5 inches. 

Solution  — =0-416  ; trace  the  horizontal  line  to  its  inter- 
1 — 

section  with  the  curve  of  discharge  and  then  below  that  point 
vertically,  on  the  base  line  is  read  0-36.  The  discharge  at  5" 
depth  is  36  per  cent,  of  that  when  the  sewer  is  running  full 

or  167 -2^--3G  = 60-192  cubic  feet  per  minute. 

The  following  tables  give  the  discharges,  in  cubic  feet  per 
minute,  of  circular  sewers  running  full  at  various  rates  of 
inclination  : — 


Discharges  in  Cubic  beet  per  Minute  from  Circular  Sewers  from  6 inches  to  60  inches  Diameter- Sewers  running  full. 
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Oval  sewers. — The  tables  given  above  relate  only  to 
circular  sewers  ; where  tho  sewers  have  to  carry  oil'  volumes, 
which  vary  considerably  in  quantity,  a sewor  of  different  sec- 
tion is  adopted,  so  as  to  maintain  as  great  a depth  of  How  as 
possible,  even  when  the  volume  is  small ; these  sewers  are  of 
oval  shape,  and  may  be  of  any  of  the  following  sections,  but 
that  marked  as  No.  1 is  the  form  now  generally  adopted  : — 


No.  2 


No.  i 


B B 


Proportions  of  oval  sewers.— The  following  are  the 
proportions  of  these  oval  sewers  : — 

No.  1.  The  vertical  height  C D is  equal  to  one  and  one- 
half  times  the  transverse  diameter  A B ; the  radius  of  the 

3k 
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invert  E G equals  one-eighth  part  of  the  transverse  dia- 
meter ; the  radius  of  the  sides  equals  one  and  one-third 
times  the  transverse  diameter.  This  section  is  sometimes 
called  the  new  oval  form  of  sewer  as  opposed  to  No.  2,  the 
old  form. 

No.  2.  The  vertical  height  equals  one  and-one-lialf  timos 
the  transverse  diameter  ; the  radius  of  the  invert  equals  one- 
fourth  the  transverse  diameter  ; the  radius  of  the  sides  equals 
one  and  one-half  times  the  transverse  diameter. 

No.  3.  The  vertical  height  equals  one  and  two-third 
times  the  transverse  diameter  ; the  radius  of  the  invert  equals 
one-fourth  of  the  transverse  diameter.  A E = CD,  and 
CH  = } CD  and  I K is  parallel  to  L M.  This  form  is 
used  only  when  extra  height  is  desirable. 

No.  4.  The  construction  is  easily  understood  from  the  dia- 
gram ; this  form  is  of  easy  construction,  but  does  not  carry 
off  small  volumes  so  well  as  Nos.  1,  2 or  3 forms. 

Hydraulic  mean  depths  of  oval  sewers. — As 

shown  for  circular  pipes  or  sewers  flowing  full  or  half  full, 
the  HMD  is  equal  to  one-fourth  part  of  the  diameter,  but 
in  oval  sewers  no  such  proportion  obtains,  and  at  each  depth 
it  has  to  be  calculated. 

For  the  new  form  No.  1 the  hydraulic  mean  depth  may  be 
found  thus  : — 

Sewer  full,  HMD  = 0 2844  (of  transverse  diameter). 

Do.  two-thirds  full,  HMD  = 0-3074  ( do.  ). 

Do.  one-third  full,  HMD  = 0-1920  ( do.  ). 

»,For  the  old  form  No.  2 the  H.M.DS  will  be  : — 

Sewer  full,  HMD  = 0-2897  (of  transverse  diameter). 

Do.  two-thirds  full,  HMD  = 0-3157  ( do.  ). 

Do.  one-third  full,  HMD  = 0-2066  ( do.  ). 

The  following  tables  will  be  found  useful  in  determining 
discharges  from  oval  sewers  of  the  two  forms  : — 


discharges  from  oval  sewers. 
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Table  showing  the  Discharges  in  Cubic  Feet  per  Minute  from  Oval 
Sewers,  new  form  No.  1,  running  full. 


• 

Inclina- 

tion. 

Size. 

Inclina- 

tion. 

• 

l'O" 

X 

1'  6" 

1'  4" 
X 

2'  0" 

1'  6" 
X 

2'  3" 

2'  0" 
X 

3'  0" 

2'  6" 
X 

3'  9" 

3'  0" 
X 

4'  6" 

3' 6" 
X 

5'  3" 

4'  0" 
X 

6'  0" 

1 in  100 

363 

71- 

74/ 

1,001 

1,877 

1 in  100 

1 in  110 

346 

712 

956 

1,782 

1 in  110 

1 in  120 

331 

682 

yio 

1,705 

1 in  120 

1 in  130 

318 

656 

881 

1,640 

1 in  130 

1 in  140 

306 

630 

848 

1,583 

1 in  140 

1 in  150 

295 

608 

818 

1,531 

2,927 

1 in  150 

1 in  160 

285 

589 

793 

1,482 

1'  836 

1 in  160 

1 in  170 

277 

571 

768 

1,437 

2,753 

lin  170 

1 in  180 

269 

555 

745 

1,397 

2,676 

4,214 

1 in  180 

1 in  190 

261 

539 

725 

1,360 

2,606 

4,104 

1 in  190 

1 in  200 

254 

525 

707 

1,324 

2,544 

4,004 

5,873 

8,206 

1 in  200 

1 in  250 

226 

468 

630 

1,181 

2,272 

3,592 

5,272 

7,350 

1 in  250 

1 in  300 

205 

424 

572 

1,076 

2,070 

3,271 

4,821 

6,726 

1 in  300 

1 in  350 

188 

392 

527 

991 

1,916 

3,030 

4,453 

6,226 

1 in  350 

1 in  400 

176 

365 

492 

926 

1,784 

2,830 

4,166 

5,816 

1 in  400 

1 in  450 

165 

343 

462 

869 

1,679 

2,659 

3,920 

5,477 

1 in  450 

1 in  500 

156 

323 

437 

824 

1,589 

2,519 

3,715 

5,191 

1 in  500 

1 in  550 

148 

307 

414 

784 

1,512 

2,388 

3,537 

4,942 

1 in  550 

1 in  600- 

141 

293 

396 

747 

1,443 

2,288 

3,374 

4,728 

1 in  600 

1 in  650 

135 

281 

379 

715 

1,387 

2.J98 

3,237 

4,531 

1 in  650 

1 in  700 

270 

364 

686 

1,331 

2,107 

3,114 

4,353 

1 in  700 

1 in  750 

260 

351 

662 

1,282 

2,037 

3,005 

4,210 

1 in  750 

1 in  800 

252 

339 

641 

1,210 

1,967 

2,909 

4,068 

1 in  800 

1 in  850 

244 

329 

621 

1,199 

1,907 

2,814 

3,943 

1 in  850 

1 in  900 

236 

319 

601 

1,164 

1,846 

2,732 

3,818 

1 in  900 

1 in  950 

309 

585 

1,129 

1,796 

2,650 

3,711 

1 in  950 

1 in  1000 

1 

301 

668 

1,101 

1,746 

2,581 

3,622 

1 in  1000 

1 in  1100 

640 

1,045 

1,656 

2,459 

3,443 

1 in  1100 

1 in  1200 

516 

997 

1,585 

2,336 

3,283 

1 in  1200 

1 in  1300 

491 

955 

1,515 

2,240 

3,140 

1 in  1300 

1 in  1400 

920 

1>455 

2,158 

3,015 

1 in  1400 

1 in  1500 

885 

1,405 

2,076 

2,908 

1 in  1500 

1 in  1600 

850 

1 ,355 

2,008 

2,819 

1 in  1600 

1 in  1700 

1,315 

1,940 

2,730 

1 in  1700 

1 in  1800 

1,274 

1,885 

2,640 

1 in  1800 

1 in  1900  1 

1,234 

1,830 

2,569 

1 in  1900 

1 in  2000 

1,204 

1,776 

2,498 

1 m *000 

1 in  21U0 

1,735 

2,426 

1 in  2100 

1 in  2200 

1,694 

2,373 

1 in  2200 

1 in  2300 

1,653 

2,319 

1 in  2300 

1 in  2400 

2,266 

1 in  2400 

1 in  2500 

2,212 

1 in  2500 

1 in  2600 

2,159 

1 in  2600 

--  » 
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I uble  showing  the  Discharges  m Cubic  Feet  per  Minute  from  old 
form  of  Sewer  (No.  2)  running  full. 


I Size. 


Inclina- 

tion. 

1'  0" 
X 

l'  6" 

1 1'  4" 
X 

2'  0" 

1'  6" 
X 

1 2'  3" 

2'  0" 
X 

3'  0" 

. 

2'  6" 
X 

| 3'  9" 

3'  0"- 
X 

4'  6" 

1 

' 3'  6" 
X 

j 5'  3" 

! 4'  0" 
X 

6'  0" 

Inclina- 

tion. 

1 in  lOO 

378 

778 

1,044 

2,127 

1 in  100 

l iu  110 

361 

I 741 

995 

2,030 

1 in  110 

1 in  120 

343 

708 

951 

1,948 

1 in  120 

1 in  130 

331 

682 

915 

1,874 

1 in  130 

1 in  140 

318 

655 

880 

1,805 

1 in  140 

1 in  150 

307 

633 

850 

1,746 

l in  150 

1 in  160 

296 

613 

824 

1,691 

1 in  160 

1 in  170 

287 

594 

798 

1,633 

1 in  170 

1 iu  ISO 

279 

576 

775 

1,588 

1 in  180 

1 in  190 

271 

562 

755 

l,oo3 

1 in  190 

1 in  200 

264 

546 

734 

1,511 

2,642 

4,165 

6,120 

8,508 

ll  in  200 

1 in  250 

235 

486 

654 

1,351 

2,862 

3,731 

5,487 

7,644 

1 in  250 

1 in  300 

213 

442 

595 

1,231 

2,153 

3,411 

5,009 

6,983 

1 in  300  1 

1 in  350 

196 

406 

548 

1,135 

1,988 

3,142 

4,629 

6,468 

1 in  350  j 

1 in  400 

183 

380 

512 

1,057 

1,859 

2,935 

4,333 

6,046 

1 in  400 

1 in  450 

171 

355 

481 

997 

1,751 

2,770 

4,080 

5,715 

1 in  450 

1 in  500 

162 

337 

455 

942 

1,651 

2,615 

3,855 

5,403 

1 in  500 

1 in  550 

154 

321 

432 

896 

1,572 

2,481 

3,672 

5,145 

1 in  550 

1 in  600 

147 

304 

411 

8o4 

1,500 

2,377 

3,503 

4,906 

1 in  600 

1 in  650 

141. 

292 

393 

816 

1,436 

2,284 

3,363 

4,723 

1 iu  650 

1 iu  700 

136 

280 

O/  ( 

786 

1,385 

2,191 

3,236 

4,539 

1 in  700 

1 in  750 

269 

364 

758 

1,335 

2,119 

3.123 

4,373 

1 in  750 

1 in  800 

261 

351 

730 

1,292 

2,047 

3,025 

4,226 

1 in  800 

1 in  850 

253 

341 

707 

1,249 

1,985 

2,926 

4,098 

1 in  850 

1 in  900 

245 

331 

689 

1,206 

1,923 

2,828 

3,969 

1 in  900 

1 in  950 

320 

666 

1,170 

1,861 

2.743 

3,859 

1 in  950 

1 in  1000 

313 

648 

1,141 

1 ,809 

2,673 

3,767 

1 in  1000 

1 in  1100 

615 

1,091 

1,726 

2,547 

3,583 

1 in  11C0 

1 in  1200 

588 

1,041 

1,643 

2,434 

3,418 

1 in  1200 

1 in  1300 

560 

998 

1,571 

2,335 

3,271 

1 in  1300 

1 in  1400 

955 

1,509 

2,237 

3,142 

1 in  1400 

1 in  1500 

919 

1,457 

2,153 

3,032 

1 in  1500 

1 iu  1600 

883 

1,406 

2,082 

2,922 

1 in  1600 

1 in  1700 

854 

1,364 

2,026 

2,830 

1 in  1700 

l in  1800 

- 

1,323 

1,956 

2,738 

1 in  1800 

1 in  1900  | 

1,282 

1,899 

2,665 

1 in  1900 

1 in  2000  : 

1,251 

1,843 

2,591 

1 in  2000 

1 in  2100  i 

• 

1.801 

2,518 

1 in  2100 

1 in  2200  j 

1,759 

2,462 

1 in  2200 

1 in  2300 

1,716 

2,407 

1 in  2300 

1 in  2400 

1,674 

2,352 

1 in  2400 

1 in  2500  1 

2,297 

1 in  2500 

1 in  2600  I 

I 

1 

2,242 

i 

1 in  2600 

K 
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Table  showing  Area  and  Hydraulic  mean  depth  of  Oval  Sewers 

{No.  2),  old  form. 


1 

Size  of  sewer. 

Sectional  area 
when  run- 
ning full. 

Sectional  area 
when  flowing 
frds  vertical 
height. 

Sectional  area 
when  flowing 
li(l  vertical 
height. 

Hydraulic 
mean  depth 
flowing  full. 

Hydraulic 
mean  depth 
flowing  frds 
vertical 
height. 

Hydraulic 
mean  depth 
flowing  frd 
vertical 
height. 

FEET. 

FEET. 

FEET. 

FEET. 

FEET. 

FEET. 

1'  0"  x 1'  6* 

1-1485 

0-7558 

0-2840 

0-2897 

0-3157 

0-2066 

r 2"  X 1'  9" 

1-5632 

1-0287 

0'3865 

0-3380 

0-3683 

0-2410 

r 4"  X 2'  0" 

2-0418 

1-3436 

05049 

0-3863 

0-4209 

0-2755 

1'  G"  X 2'  3" 

2-5841 

1-7005 

0-6390 

0 4345 

0-4735 

0-3099 

r 8"  X 2'  6" 

31903 

20994 

0-7889 

04828 

0-5262 

0-3443 

1'  10"  X 2'  9"  ... 

3-8602 

2-5402 

0'9545 

0-5311 

0-5788 

0-3786 

2'  0"  X 3'  0"  ... 

*4-5940 

3 0232 

1-1360 

0-5794 

0-6314 

0-4132 

2'  2"  X 3'  3" 

5-3916 

3-5480 

1-3332 

0-6277 

0-6840 

0 4476 

2'  4"  X 3'  0" 

6-2529 

4-1149 

1-5462 

0-6760 

0-7366 

0-4820 

2'  6"  X 3'  9" 

7-1781 

4-7237 

1-7750 

07242 

0-7892 

0-5165 

2'  8"  X 4'  0" 

8-1671 

53746 

2-0195 

0-7725 

0-8418 

0 5409 

2'  10"  X 4'  3" 

92199 

6-0674 

2-2799 

0-8208 

0-8944 

0'5852 

3'  0"  X 4'  6"  ... 

10-3365 

6-8022 

2'5560 

0-8691 

0-9471 

0-6198 

3'  2"  X 4'  9"  ... 

11-5169 

7-5790 

2-8479 

0-9174 

0-9997 

0-6542 

3'  4"  X 5'  0"  ... 

12-7611 

8-3978 

3-1556 

0-9657 

10523 

0-6887 

3'  6"  X 5'  3"  ... 

14-0691 

9‘2585 

3-4790 

10139 

1-1049 

0-7231 

3'  8"  X o'  6"  ... 

15-4099 

10-1613 

3-8182 

1-0622 

1-1576 

0'7575 

3'  10"  X 5'  9" 

16-8766 

11-1061 

4-1732 

1-1105 

1-2102 

07920 

4'  0"  X 6'  0" 

18-3760 

12-0928 

4-5440 

1-1588 

1-2628 

0-8264 

* If  this  number  (4-5940)  is  multiplied  by  the  square  of  the  radius  of  the  top 
arch  of  an  oval  sewer  of  similar  proportions,  it  will  give  the  area  of  the  sewer. 


In  properly  laid  sewers,  the  horizontal  curves  used  are  not 
such  as  require  any  increased  head  to  overcome  friction  due  to 
change  in  angular  direction,  hut  increased  roughness  of  work 
or  of  pipes  at  such  places  sometimes  requires  an  allowance  ; 
the  following  formula  is  said  to  give  good  results  as  to  pipe 
sewers : — 

v 21  f 10  an 

H = •<{  1 + — 

4000  d L r 

in  which  v — velocity  in  feet  per  second, 

1= length  of  curve  in  feet, 
d = diameter  of  pipe, 
r= radius  of  axis  of  curve  in  feet, 

11= loss  of  head  the  total  loss  of  head  in  the 
curved  portion. 

It  is  usual  to  give  at  all  bonds,  a little  extra  fall  to  com- 
pensate for  the  increased  friction. 


Small  sewers  should  be  circular.— All  small  sewers 
ought  to  be  circular,  and  for  ordinary  purposes  it  is  found  in 
practice  that  sewers  up  to,  and  including,  18  inokas  in  diameter 
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should  bo  of  stoneware,  fire-clay  or  cement  * pipes.  Oval  pipes 
have  been  tried,  but  they  are  difficult  to  manufacture  truly 
to  shape,  and  as  difficult  to  lay  truly  with  tight  joints.  In 
sewers  above  18  inches  in  diameter,  if  there  is  sufficient  sewage 
to  keep  the  sowers  constantly  running  half  full,  these  should 
also  bo  circular,  as  that  is  the  cheapest  and  strongest  form  of 
sower  ; where  that  is  not  the  case,  it  is  well  to  adopt  the  oval 
form.  It  is  inadvisable  to  construct  sewers  of  less  than  9 
inches  in  diameter ; small  sewers  are  very  liablo  to  frequent 
stoppages.  House  drains, f with  well-formed  traps,  may  bo 
of  smaller  dimensions. 

CONSTRUCTION  OF  SEWERS. 

Materials  used  in  construction. — For  the  construc- 
tion of  sewers  the  materials  used  are  bricks,  tiles,  stone,  stone- 
ware, asphalte,  concrete,  cement,  lime,  iron  and  timber.  It 
is  necessary  to  use  the  best  materials  available,  as  the  sewers 
are  subject  to  eroding  action  from  the  materials  transported 
through  them,  and  also,  to  chemical  action  from  the  consti- 
tuents of  the  sewage.  The  smaller  sewers  and  house-drains 
are  usually  constructed  of  glazed  stoneware  or  fire-clay  pipes. 
Fire-clay  pipes  are  not  so  strong  nor  so  durable,  thickness  for 
thickness,  as  stoneware  pipes,  but  they  are  less  brittle  and 
loss  liablo  to  fracture. 


# Cement  pipes  for  sewers  up  to  18  inches  diameter  are  now  made  in 
Madras.  They  cost  about  the  same  rate  per  foot  as  stoneware  pipes. 


Table  shawl ng 

results  of  tests. 

of  cement  pipes  made  at  the  Madras  Cement 
Works,  181*5. 

Number 
of  test. 

Number 
of  pipes 
tested. 

Pressure 
applied 
in  lb. 

Head 

in 

feet. 

Pipes 

burst 

or 

cracked. 

Result  of  test. 

I 

4 

12 

28 

Cracked. 

Last  pipe  from  socket  end  cracked 
at  the  end.  Fracture  nearly  even 
and  almost  as  if  it  had  been  cut. 

II 

3 

U 

32 

Do. 

Last  pipe  from  socket  end  craoked 
at  the  end.  Fracture  was  zigzag. 

III 

2 

21 

4P 

. Do. 

Disc  blown  out. 

IV 

V 

2 

18 

42 

Do. 

Fracture  same  as  test  No.  I. 

2 

31 

71 

Do. 

Joint  gave  way  bringing  a piece  of 
socket  of  the  pipe. 

VI 

1 

25 

58 

Do. 

Fracture  zagged. 

VII  ... 

1 

53 

122* 

Broken. 

VIII 

T 

25 

58 

Do. 

Fracture  zigzag. 

IX 

1 

55 

127 

Cracked. 

Zigzaar.  The  best  result. 

Total  ... 

254 

587 

... 

Average... 

... 

28 

65 

Note.— When  more  pipes  than  one  were  tested  together  they  were  jointed  with 
Portland  cement.  The  end  pipes  were  closed  by  iron  discs  and  jointed  on  to  the  pipes 
with  either  lead  or  cement. 

f Sewers  are  channels  which  receive  the  drainage  from  many  houses. 
Drains  are  those  connected  vrith  one  house  only. 
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Pipes  are  made  usually  of  the  dimensions  given  in  the 
following  table : — 
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Porosity  of  pipes. — All  earthenware  and  fire-clay  pipes 
absorb  more  or  less  water.  The  following  table  shows  the 
absorption  of  water  by  sewer  pipes  from  various  makers  : — 
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Test  of  porosity. — To  test  the  porosity  of  pipes  ; after 
tying  a bladder  or  other  waterproof  substance  on  one  end, 
set  the  pipe  upon  that  end  and  fill  it  with  water,  lhe 
sweating  of  the  pipe  will  show  if  it  is  porous,  and  if  the  fall 
of  water  in  the  pipe  be  measured,  the  loss  will  show  the 
amount  absorbed. 

Pipes  as  sewers  subjected  to  crushing'. — Pipes, 

when  laid  as  a sewer,  are  subjected  to  severe  crushing  strain, 
but  the  thickness  of  pipes  given  is  usually  sufficient  for  all 
practical  purposes. 

Selection  of  pipes. — Great  care  is  necessary  in  the  selec- 
tion of  pipes ; they  must  be  true  in  section,  perfectly  straight 
and  well  formed  at  the  joints.  Salt-glazed  pipes  are  more 
durable  than  lead-glazed  pipes.  The  pipes  of  Messrs.  Burn 
and  Co.,  Calcutta,  are  salt-glazed,  and  are  of  excellent  mate- 
rial, and  large  quantities  of  them  have  been  used  in  drainage 
works  throughout  India. 

The  following  table  shows  the  result  of  some  experiments 
made  by  Public  Works  and  other  officers  with  these  and 
other  pipes  at  Jubbulpore  in  February  1894  : — 

Abstract  of  Experiments  with  Glazed  Stoneware  Pipes. 


Internal  pressure  by  means  of  hydraulic  power.  External  pressure 
by  means  of  Lever  and  Weights. 


Serial  number 
of  experiments. 

Maker’s 

name. 

Where  made. 

Internal  diame- 
ter of  pipe. 

Bursting  internal 
pressure  in  lb. 
per  square  inch. 

Breaking  exter- 
nal pressure  in 
lb. 

27 

Burn  & Co.  ... 

Raneegunge 

4 

200* 

28 

Do. 

Jubbulpore  § ... 

4 

200  * 

1 

Do. 

Do. 

6 

85  t 

2 

Do. 

Do. 

6 

200  f 

3 

Do. 

Do. 

6 

J 200  * 

24 

Do. 

Do. 

6 

1200* 

23 

Do. 

Raneegunge 

6 

J200* 

5 

Doulton’s 

England 

9 

122 

15 

Do. 

Do. 

9 

102 

1 

* All  pipes  marked  thus  went  up  to  the  maximum  indicated  by  the 
pressure  gauge  without  bursting. 

t These  pipes  had  no  socket.  J Ordinary  sooket  pipes. 

§ Pipes  marked  thus  were  prepared  at  Raneegunge  from  clays  obtained 
from  Jubbulpore, 
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Internal  pressure  by  means  of  hydraulic  power.  External  pressure 
by  means  of  Lever  and  Weights — continued. 


Serial  number 
of  experiments. 

Maker’s 

name. 

Where  made. 

Internal  diame- 
ter of  pipe. 

Bursting  internal 
pressure  in  lb. 
per  square  inch. 

Breaking  exter- 
nal pressure  in 
lb. 

26 

Doulton’s 

England 

9 

92 

6 

Burn  & Co. 

Jubbulpore 

9 

200  * * * § 

• • • 

14- 

Do. 

Do. 

9 

136 

22 

Do. 

Do. 

9 

140 

25 

Do. 

Raneegunge 

9 

200* 

• • • 

4 

Doulton’s 

England 

12 

aban- 
doned. || 

... 

12 

Do. 

Do. 

12 

90 

13 

Do. 

Do. 

12 

80 

10 

Bum  & Co. 

Jubbulpore 

12 

110  ^ 

• • • 

11 

Do. 

Do. 

12 

1 160 

20 

Do. 

Do.  f 

§12 

x 134 

21 

Do. 

Do.  f 

§12 

1 132 

• • • 

10 

Do. 

Raneegunge 

12 

136 

• . • 

29 

Do. 

Jubbulpore  f ... 

15 

82 

• . . 

30 

Do. 

Raneegunge 

15 

105 

* . . 

18 

Do. 

Jubbulpore 

6 

5,809 

7 

Do. 

Do. 

9 

**  3,947 

9 

Do. 

Raneegunge 

9 

3,212 

8 

Doulton’s 

England 

9 

2,673 

16 

Do. 

Do. 

12 

3,646 

33 

Do. 

Do. 

12 

3,215 

17 

Burn  & Co. 

Jubbulpore 

12 

4,794$ 

34 

Do. 

Raneegunge 

12 

3,646 

31 

Do. 

Do. 

15 

4,794 

32 

Do. 

J ubbulpore  f ... 

15 

5,039 

Cement  pipes  are  made  of  the  same  form  as  stone- 
ware pipes ; they  have  been  extensively  used  in  Germany 
and  show  an  extraordinary  amount  of  endurance,  and  as 
cement  continues  to  harden  for  years,  they  are  thus  of  peculiar 
advantage,  especially  in  damp  situations.  They  have  another 


* All  pipes  marked  thus  went  up  to  the  maximum  indicated  by  the 
pressure  gauge  without  bursting. 

t These  pipes  had  no  socket. 

j Ordinary  socket  pipes. 

§ Pipes  marked  thus  were  prepared  at  Raneegunge  from  clays  obtained 
from  Jubbulpore. 

||  Ordinary  socket  pipe ; failed  to  make  a good  joint. 

*[T  This  ordinary  socket  pipe  was  tightened  up  under  pressure  and  it# 
chance  spoilt  thereby7. 

*#  This  pipe  cari-ied  the  weight  without  breaking. 
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advantage  and  that  is  they  can  be  manufactured  on  the 
site  of  the  works  ; much  expense  may  be  saved  by  carrying 
the  cement  to  the  works  instead  of  the  finished  pipes.  Where 
stoneware  pipes  have  to  be  imported  from  England  or  carried 
long  distances  by  rail,  the  question  of  using  cement  pipes  in 
their  place  is  an  important  economical  consideration.  Cement 
pipes  are  manufactured  at  the  Madras  Cement  Works  and 
some  6"  pipes  have  stood  a head  of  35  feet  of  water.  Such 
pipes  may  also  be  used  for  water-supply  when  the  greatest 
statical  head  does  not  exceed  a safe  proportion  of  their  burst- 
ing pressure. 

Method  of  laying  pipe  sewers. — The  pipes  generally 
used  are  ordinary  socketed  pipes,  and  when  laid,  the  spigot 
of  one  pipe  is  inserted  into  the  socket  of  another  ; the  spigot 
end  of  the  pipe  should  always  be  downhill.  When  laying 
pipes,  great  attention  must  be  given  to  ensure  that  they  have 
a uniform  bearing,  and  instead  of  cutting  a hollow  in  the 
trench,  or  concrete,  under  the  socket  portion  of  the  pipe,  it 
is  better  to  let  the  sockets  rest  on  the  concrete  bed  and  then 
to  fill  in  under  the  remaining  length  of  the  pipe,  thus — 


vfi  TTTJTrrfZl 

i 

< 

t 

\ 

V 

Trench.  F\ojw  or  Surface  of  Concrete 


Jointing  pipes. — Pipes  should  be  jointed  with  Portland 
cement  used  neat,  or  with  a proportion  of  sand  not  exceeding 
3 of  sand  to  1 of  cement.  Every  pipe  should  be  jointed 
as  laid,  and  a second  pipo  should  not  be  laid  until  it  has  been 
ascertained  that  no  cement  of  the  joint  previously  laid  has 
passed  into  the  inside  of  the  pipe.  In  some  cases  tarred 
yarn  is  wound  round  the  pipe  socket  before  placing  it  in 
position,  and  the  remainder  of  the  joint  is  then  filled  in  with 
cemont  as  usual.  This  plan  prevents  cement  getting  into  the 
pipes.  In  laying  pipes  and  in  brick  sewers,  it  is  advisable 
to  put  in  junctions  for  branch  sewers  and  house  drains  at 
the  time  the  sewer  is  laid ; the  after-insertion  of  a junction 
in  a pipo  sewer  is  difficult,  and  at  least  three  pipes  must  be 
taken  out  before  it  can  be  effected. 
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Patent  joints. — When  pipes  have  to  be  laid  in  very  wet 
trenches,  it  is  advisable  to  adopt  a special  form  of  j oint ; 
Standford’s  or  Syko’s  patent  joints  are  forms  used;  the 
* Archer  j oint  ’ illustrated  below  has  found  much  favour. 
These  joints  aro  filled  by  pouring  in,  through  a hole  in  the 
top  of  the  socket,  some  liquid  material  such  as  liquid  cement 
or  asphalte,  &c.,  which  hardens  in  the  joint. 


Concrete  necessary  to  keep  out  tree  roots. — 

Where  a pipe  sewer  is  laid  near  trees,  the  pipes  ought  to  be 
imbedded  in  concrete,  and  the  joints  ought  to  be  formed  with 
asphalte,  which  kills  the  rootlets.  Roots  of  trees  often  extend 
considerable  distances  in  search  of  water,  and  will  readily 
enter  the  joints  of  pipes  ; not  only  ought  trees  to  be  avoided, 
but  also  any  ground  creepers  ; the  author  has.  seen  an  18-inch 
sewor  completely  filled  up  by  the  roots  of  tho  rabbit-wort 
creeper ; this  was,  however,  a brick  sewer,  which  is  more 
pervious  to  roots  than  a pipe  sewer. 

Selection  of  bricks  for  sewers. — For  brick  sewers 
the  bricks  require  to  be  carefully  selected,  and  the  usual  tests 
for  absorption  ought  to  be  applied  to  all  bricks  to  be  used. 
They  should  be  fairly  well  shaped  and  show  considerable 
resistance  to  crushing  strain,  which  is  the  only  strain  against 
which  they  have  to  contend.  In  the  smaller  sewers,  specially 
shaped  or  gauged  bricks  will  be  required,  or  the  joints  on 
the  back  will  be  very  open  and  pervious  to  water.  Soft 
bricks  should,  on  no  account,  be  used  in  sewers,  but  a slightly 
rough  face  is  not  a material  drawback  ; the  sides  of  the  bricks 
adjacent  to  the  sewer  ought,  however,  to  present  a fairly 
smooth  surfaco.  Pressed  or  glazed  bricks  form  an  excellent 
facing  for  the  inside  of  sewers;  where  economy  prevents 
their  use,  the  inside  of  the  sewers  must  be  plastered. 

Construction  of  sewers  below  water  level. — In 

building  sewers  below  water  level,  it  is  advisable  to  make 
blocks  for  the  lower  or  invert  portion,  and  this  may  be  don© 
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either  by  cementing  bricks  together  to  the  required  form  or 
by  making  blocks  of  concrete  in  moulds  especially  made  tor 
the  purpose.  This  latter  plan  was  adopted  in  the  Madras 
sewers,  where  blocks,  2 feet  long,  of  the  following  section 
were  used  : — 


They  were  composed  of  by  measure — 

Portland  cement  . . . . . . 1 part. 

Gravel  6 part-s. 

Sand  . . - . • • • • 3 do. 

They  were  allowed  to  set  not  less  than  14  days  before  use. 
Invert  blocks  made  of  stoneware,  solid  or  hollow,  arc  largely 
manufactured.  Such  blocks  greatly  facilitate  the  construction 
of  sewers,  and  from  their  durability  and  smoothness  of  surface 
are  well  adapted  for  the  purpose.  The  following  is  a sketch 
of  a hollow  invert  block  : — 


These  blocks  are  also  advantageous  in  so  far  that  they 
afford  a ready  means  of  draining  off  the  subsoil  water  during 
construction.  The  ends  of  the  channels  thus  formed  must, 
however,  be  blocked  when  no  longer  required ; the  flow 
through  them  is  apt  to  carry  off  soil  from  below  the  sewers 
and  undermine  them. 


SEWER  CONSTRUCTION  IN  WET  SOILS- 
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Precautions  necessary  in  building  sewers. — In 

building  sewers,  templates  made  true  to  the  section  of  the 
sewer  should  invariably  be  used.  Care  must  be  taken  to 
ensure  the  use  of  an  amount  of  material  sufficient  to  fill  up 
every  crevice  in  the  work,  in  order  to  render  the  sewers 
as  water-tight  as  possible.  When  a brick  sewer,  laid  in  bad 
ground  or  in  ground  saturated  with  water,  is  made  up  of 
several  rings,  a layer  of  cement  ought  to  pass  between  each 
ring,  the  joints  ought  not  to  exceed  one-fourth  of  an  inch  in 
thickness,  and  the  cement  should  be  well  pressed  into  the 
joints  with  the  trowel.  Tho  arches  are  executed  upon  center- 
ings ; these  are  drawn  forward  as  the  work  proceeds. 

Construction  in  wet  or  treacherous  soils.  — In 

cases  where  much  subsoil  water  occurs  and  where  hollow 
invert  blocks  are  not  used,  it  is  usual  to  lay  below  the  sewer 
a line  of  drain  pipes  to  carry  off  the  water  from  the  front 
of  the  work  ; this  is  drained  into  sumps  or  cess-pits  sunk  in 
the  line  or  at  the  side  of  the  line  of  the  sewer,  whence  it  is 
pumped  up.  Care  is  required  when  laying  these  pipes,  as 
they,  like  hollow  invert  blocks,  may  carry  soil  from  the 
foundations  of  the  sewer  and  thus  crack  it ; as  each  portion 
of  the  sewer  is  finished  these  pipes  are  blocked  up.  When 
sewers  have  to  be  laid  in  treacherous  soil,  special  precautions 
should  be  taken  to  ensure  firm  foundations.  If  a firm 
subsoil  is  a short  distance  below  the  proposed  sewer  level, 
a foundation  may  be  obtained  by  throwing  in  road  metal 
or  gravel,  until  it  remains  on  the  surface,  the  sand  or  mud 
rising  above  it  being  removed  from  time  to  time.  In  other 
cases  longitudinal  timbers  may  have  to  be  used  and  these 
may  be  covered  over  by  planks  or  by  layers  of  brushwood, 
&c. ; on  this  the  concrete  for  the  sewer  foundation  may  be 
laid. 


Thickness  of  brickwork  of  sewers. — In  England 
when  the  sewers  do  not  exceed  3 feet  in  diameter  and  are 
not  more  than  20  feet  below  the  surface,  it  is  usual  to  build 
the  sewers  of  one  ring  of  brickwork  only  ; in  this  country 
sufficiently  non-porous  bricks  are  not  obtainable  to  render  this 
plan  advisable,  and  two  rings  are  necessary.  The  following 
formula  determines  the  minimum  thickness  of  brickwork  to 
be  used  : — 


d v • 

viz.,  j-QQ  = thickness  in  feet, 

where  d — depth  of  excavation, 
and  r = external  radius  of  sewer. 
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Tlius,  for  a sewer  3 feet  inside  diameter  and  20  feet  below 
ground,  the  practice  is  to  make  the  arch  inches  thick,  so 
that  the  outer  radius  would  be  1'87  feet : 

20x1-87  37-4  „ , . . 

100  ~ 100  ~ 4smche8> 

which,  with  good  non-porous  bricks,  would  be  sufficient. 

Concrete  sewers. — Concrete  is  also  used  for  sewers  ; 
they  may  be  built  up  of  concrete  blocks  moulded  similarly 
(but  of  different  shape)  to  invert  blocks,  or  the  sewer  may  be 
built  of  concrete  in  situ,  if  the  amount  of  subsoil  water  is 
not  very  great  ; when  built  in  situ,  frames  must  be  used  into 
which  the  concrete  can  be  tightly  rammed. 

Sewers  are  sometimes  constructed  of  a combination  of 
brickwork  and  concrete,  the  brickwork  being  a thin  brick 
lining.  The  following  figures  are  sections  of  some  concrete 
sewers  executed  in  England  : — 


Proportions  of  concrete  in  sewers.— In  England 

concrete  for  sewers  is  made  of  one  of  the  following  pro- 
portions : — 


/p  ( 3 bushels  of  cement. 

( 1 cubic  yard  of  sand  and  shingle. 

!6J  parts  clean  gravel. 

2|  parts  clean  sand. 

1 part  Portland  cement. 
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Mixing  of  concrete. — The  latter  mixture  contains 
to  every  cubic  yard  of  concrete  2|  bushels  of  cement  which 
ought  to  be  of  the  best  quality  and  should  comply  with  con- 
ditions already  laid  down.  The  stone  and  gravol  should  bo 
thoroughly  saturated  with  water,  for,  if  dry,  they  will  extract 
water  from  the  cement.  On  the  other  hand,  an  excess  of 
water  is  to  be  avoided ; all  the  materials  must  bo  thoroughly 
mixed  and  incorporated  before  being  used. 

Portland  cement  and  soorki  mortars. — Portland 
cement  is  an  expensive  material  to  use,  but  very  fair  cement 
is  now  obtainable  from  the  Madras  cement  works.  Cement 
made  of  soorki  mortar  may,  however,  be  used  in  constructing 
sewers,  especially  where  the  sewers  are  cemented  outside  and 
inside  and  between  the  rings  with  good  strong  cement. 
Soorki  mortar  is  hydraulic  and  sets  very  hard  under  water; 
if  made  of  one  part  of  soorki  to  one  of  lime  paste  or  an  equi- 
valent quantity  of  slaked  lime,  after  28  days  under  water, 
it  sets  harder  than  the  best  brick. 

Iron  pipe  sewers. — It  is  sometimes  necessary  to  use 
iron  pipes  in  place  of  circular  sewers,  and  these  may  be  used 
up  to  36  inches  or  48  inches  in  diameter;  where  there  is  a 
very  large  amount  of  water  in  the  trenches,  it  is  desirable 
to  have  as  few  joints  as  possible  and  to  have  these  quickly 
made,  turned  and  bored  pipes  are  most  useful . Caro  is  required 
to  see  that  the  constituents  of  the  sewage  are  such  as  will  not 
speedily  destroy  the  pipes  and  special  precaution  must  be  taken 
for  their  preservation.  The  thickness  for  such  pipes  cannot 
be  determined  in  relation  to  any  probable  pressure  on  the 
sewers.  The  pipes  should  not  be  less  in  thickness  than  those 
used  for  considerable  heads,  in  fact  their  weight  would  be 
limited  by  questions  of  convenience  and  cost  whero  absolute 
security  against  the  destructive  chemical  action  is  desired  and 
especially  where  the  pipes  are  of  such  size  that  they  cannot 
be  inspected  after  being  laid. 

Timbering  trenches.  — In  constructing  sewers  in 
treacherous  ground  or  where  the  sewers  are,  say,  more  than  5 
or  6 feet  below  the  surface,  it  is  necessary  to  use  timber  strutting 
to  support,  the  sides  of  the  excavation.  Where  circumstances 
permit,  the  sides  of  the  excavation  may  be  cut  to  such  a slope 
as  will  allow  of  the  work  being  completed  without  timbering, 
but  in  most  cases  this  will  be  found  the  more  expensive  plan. 

3 M 
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The  following  figures  represent  three  methods  of  tim- 
boring  trenches  ; — 


Fig.  No.  1 shows  the  most  simple  mode,  and  is  composed 
of  walings  (W),  which  are  kept  in  position  by  the  struts  (A)  ; 
in  comparatively  firm  earth  this  plan  may  be  adopted ; the 
pieces  (B)  keep  the  walings  from  slipping. 

Fig.  No.  2 shows  a modification  of  the  same  plan  ; the 
pieces  marked  (S)  are  called  poling-boards,  and  it  will  be 
observed  that  they  support,  a greater  area  of  the  side  than  in 
the  first  instance.  The  poling-boards  are  1 \ inches  thick. 

Fig.  No.  3 shows  the  system  usually  adopted  in  bad 
ground  ; the  pieces  marked  (P)  are  used  as  sheet-piling  behind 
the  walings. 

Struts  and  walings  to  be  teak. — In  India  for  struts 
and  walings  it  is  advisable  to  use  teak,  but  for  poling-boards 
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or  sheet-piling,  mango  planks  2 to  3 inches  thick  have  been 
found  suitable.  Tho  sides  of  the  trenches  must  always  be 
cut  to  a slight  slope,  aud  the  struts  and  walings  should  be 
of  such  dimensions  as  will  prevent  bending  when  tightly 
wedged  up.  Oasuariua  wood  makes  good  struts  when  not 
of  greater  length  than  4 or  5 feet. 

Sizes  used  in  Madras. — The  following  sizes  of  timbers 
were  used  in  constructing  tho  Madras  sewers,  some  of  which 
are  20  to  25  feet  below  tlie  surface  : — 

Teak  struts,  8 to  12  feet  by  6 inches  by  4 inches. 

Casuarina  struts,  4 feet  by  4 to  6 inches  in  diameter. 

Walings,  6 inches  by  4 inches  in  convenient  lengths 
not  exceeding  20  feet. 

Mango  planks  for  piling,  10  feet  long,  2 inches  thick, 
with  breadths  varying  from  12  to  15  inches. 

The  struts  were  usually  5 feet  apart  longitudinally,  the 
walings  3 to  4 feet  apart  vertically.  Where  the  excavation 
was  more  than  15  feet  deep,  two  lines  of  timbering  were  used. 

Excavation  in  narrow  streets. — In  excavating 
through  narrow  streets,  care  is  necessary,  in  order,  that  the 
foundations  of  the  adjacent  lines  of  houses  may  not  be  dis- 
turbed. The  following  rules  obtain,  in  regard  to  the  timber- 
ing of  pipe  sewers,  in  the  Calcutta  Municipality  : — 

“ Timbering  of  trenches. — For  all  pipe  sewers  2 feet  struts 
are  used,  wiiich,  together  with  a wealing  piece  3 inches  thick, 
and  the  piles  3 inches  thick  on  either  side,  represent  a cutting 
of  3 feet  width.  The  trench  should  nevertheless  not  be  cut 
to  the  full  width  to  commence  with,  as  by  facing  the  sides 
to  receive  the  piles,  the  cutting  w'ould  become  wider  than  3 
feet,  and  the  struts  would  be  found  to  fit  loosely,  requiring 
wedges  to  keep  them  in  position.  It  is,  however,  indispens- 
ably necessary'  that  the  timbering  should  be  perfectly  rigid, 
the*  struts  themselves  acting  as  wedges,  otherwise  the  sides  of 
the  trench  w'ould  slip  and  cause  settlement  of  the  road  surface, 
thus  endangering  the  buildings  adjacent  to  the  trench.” 

“ To  attain  the  requisite  rigidity  of  the  timbering,  it  is 
necessary  that  the  trench  be  cut  only  2 feet  9 inches  wide 
to  begin  with,  the  1^  inches  on  either  side  being  obtained 
by  carefully  facing  the  sides  of  the  trench  preparatory  to  the 
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insertion  of  the  piles,  &c.  The  timbering  should  always  be 
put  as  soon  as  practicable,  and  invariably  before  cutting 
deeper  than  4 feet,  except  in  cases  where,  in  consideration  of 
very  good  soil  or  shallow  sewers,  the  Superintendent  may 
feel  justified  in  dispensing  with  piling  altogether.  In  all 
narrow  streets  and  lanes  the  trenches  must  not  be  cut  in 
continuous  lengths  ; benches  not  less  than  2 feet  wide  must 
be  left  at  short  intervals,  to  guard  against  sinkage  and  pos- 
sible damage  to  buildings.” 

' FLUSHING  WORKS. 

Flushing  necessary. — When  constructing  sewers  it 
is  advisable  in  all  cases  to  make  arrangements  for  flushing 
them.  A certain  velocity  of  flow  is,  as  has  been  shown,  neces- 
sary to  prevent  deposit ; but  as  all  sewers  must  be  subject  to 
variation  of  flow,  any  retardation  will  lead  to  deposit. 

Operation  of  flushing.  — Many  plans  have  been 
adopted  for  flushing,  the  object  in  all  cases  being  to  send 
a large  body  of  water  through  the  sewer  at  a considerable 
velocity. 

One  of  the  more  simple  methods  to  effect  this  is  to  dam 
up  the  sewer  and  suddenly  liberate  the  sewage  so  backed  up. 
On  plate  accompanying  will  be  found  a sketch  of  a man-hole 
with  flushing  door.  It  will  be  observed  that  there  is  a space 
between  the  flushing  door  and  the  portion  of  sewer  backed  up  ; 
this  is  for  two  purposes,  firstly,  to  guard  against  over-pressure 
in  the  sewer  should  the  boards  be  left  carelessly  in  by  the 
flusher ; secondly , to  prevent  so  great  a pressure  against  the 
board  that  it  could  not  be  lifted,  the  sewage  when  its  surface 
becomes  level  with  top  of  the  board  flowing  over  it. 

Flushing  syphon. — A convenient  method  of  flushing 
is  that  shown  in  the  diagram  accompanying.  The  filling  of 
the  tank  is  regulated  so  that  it  may  be  filled  in  one,  two,  five 
or  any  other  number  of  hours.  It  is  only  when  the  water 
arrives  at  the  level  of  the  top  of  the  inner  of  the  two  vertical 
pipes,  that  it  is  discharged  automatically  by  means  of  the 
syphon  arrangement.  The  arrangement  shown  in  the  dia- 
gram is  that  for  the  head  or  highest  point  of  a sewer,  but  the 
same  design  is  easily-  adapted  to  any  point  on  the  line  of 
sewer,  in  which  case  the  pipe  shown  would  be  a branch  pipe 
into  the  main  sewer,  the  flushing  chamber  being  at  some 
distance  from  the  side  of  the  sewer. 
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Syphon  for  flushing  surface  drains. — The  follow- 
ing is  an  adaptation  useful  in  case  of  a surface  drain,  and 
consists  of  a long  tank,  with  a syphon  outlet  placed  between 
the  side  of  the  drain  and  the  street : — 


Arrangement,  for  flushing  pipe  sewers.— A plan 

adopted  by  Mr.  Baldwin  Latham  is  shown  below  : — 


- - > ---V  Jr  • jfl 


When  it  is  desired  to  flush  the  sewer  a wooden  block  is 
placed  on  the  end  of  the  pipe  issuing  from  the  man-hole,  and 
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when  sufficient  sewage  has  accumulated,  the  block  is  removed 
by  pulling  the  chain.  The  uso  of  the  float  shown  on  the 
chain  is  to  prevent,  in  case  of  negligence,  the  water  in  the 
man-hole  rising  too  high  and  thus  tending  to  burst  the 
upper  part  of  tho  sewer,  as  when  the  float  has  risen  so  as  to 
make  the  lower  part  of  the  chain  tight,  any  further  rise  will 
remove  the  block  and  allow  of  the  discharge. 

It  is  not  necessary  to  enumerate  or  give  sketches  of  more 
of  the  many  appliances  invented  to  serve  tho  same  purpose  ; 
those  above  given  seem  to  bo  the  most  suitable  for  India, 
and,  at  tho  same  time,  the  least  expensive. 

In  selecting  an  automatic  flush  tank  the  requisites  are 
(1)  certainty  of  action,  (2)  rapidity  of  discharge,  (3)  simpli- 
city of  construction,  (4)  ease  of  inspection,  (5)  durability,  (6) 
economy  in  cost  and  maintenance. 

Flushing  from  hydrants. — Small  sewers  may  be 
flushed  by  water  led  into  them  by  a hose  direct  from 
hydrants  on  the  water  mains,  or  they  may  be  filled  by  water 
run  from  picottahs. 

VENTILATION  OF  SEWERS,  MANHOLES,  TRAPS,  &c. 

Ventilation  of  sewers  a necessity. — One  of  the 

greatest  difficulties  in  regard  to  sewer  construction  is  to 
ventilate  them  without  constituting  them  a nuisance ; that 
they  must  be  ventilated  is  evident,  or  the  gas  would  force 
its  way  into  tho  houses  or  through  tributary  sowers  until  it 
reached  some  outlet. 

The  methods  of  ventilation  suggested,  from  time  to  time, 
are  exceedingly  numerous,  and  the  following  are  selected  as 
examples  of  those  more  generally  used.  The  system  which 
has  found  most  favour  is  that  in  which  shafts  are  carried  up 
from  the  crown  of  the  sewer  as  in  plate  facing  page,  456. 
The  ventilation  takes  place  through  the  iron  grid  or  grating 
at  the  road-level.  It  will  be  observed  that  this  ventilator  is 
combined  with  a man- hole,  and  the  reason  why  it  is  not 
placed  directly  over  the  man-hole  is  to  prevent  sweepings 
and  road  grit  entering  the  sewer ; any  such  material  would 
be  arrested  in  the  pit  during  rainfall,  also,  when  the  sur- 
face of  the  road  probably  becomes  muddy,  the  road  detritus 
is  arrested  and  excluded  from  the  sewers.  In  the  arch  a 
charcoal  ventilator  may  be  placed,  so  that,  all  gas  passing 
out  of  the  sewer  is  in  a measure  disinfected  before  reaching 
the  open  air  of  the  street. 

Position  of  ventilating  grids. — Where  the  sewers 
are  not  intended  to  carry  off  rainfall,  these  ventilating  grids 
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should,  as  far  as  possible,  be  placed  in  the  centre  or  highest 
portion  of  the  road,  as  then  only  the  rain  falling  on  the  area 
of  the  grid  is  likely  to  enter  the  sewer.  This  is  also  the 
best  position  in  another  respect,  any  gas  passing  into  the  air 
as  far  as  possible  from  the  adjacent  houses. 

Objections  to  foregoing  plan. — The  objections  to 
this  plan  are  (1)  that  passengers  are  occasionally  annoyed  by 
the  escaping  gas ; (2)  that  downcast  currents  may  occur 
driving  the  sewer  gas  to  house  drains  or  other  sewage  inlets  ; 
(3)  that  the  situation  of  the  grids  is  awkward  for  traffic,  and 
horses  detest  them. 

Ventilation  by  pipes  up  the  sides  of  houses. — 

Another  system  is  that  by  which  the  air  is  carried  from  the 
shafts  above  the  sewers  by  long  pipes  which  pass  under  the 
road  and  up  the  sides  of  houses  where  the  air  is  discharged 
above  the  level  of  the  roof.  The  objections  to  this  system 
are  that  the  distance  the  sewer  gas  has  to  travel  is  compara- 
tively great ; that  difficulty  is  often  found  in  constructing  the 
shafts  where  required;  that  house-owners  object  to  them,  and 
rightly  so.  because  if  leakage  takes  place,  the  gas  is  apt  to 
enter  the  house.  There  are  other  methods,  such  as  venti- 
lation through  lamp-posts,  house  chimneys,  &c.,  but  none  of 
these  are  suitable  for  this  country. 

Ventilation  at  street  level  most  convenient. — 

Ventilation  at  the  level  of  the  street  has  been  found  the 
most  convenient,  as  well  as  the  most  economical  plan,  and 
much  attention  has,  therefore,  been  directed  to  the  consider- 
ation of  plans  for  the  deodorization  of  the  gases  before  reach- 
ing the  grids. 

Purification  of  gas  by  charcoal.  — One  method  is 
that  of  passing  the  gases  through  charcoal,  and  the  most 
eminent  authorities  agree  that  charcoal  traps  are  most  effi- 
cient air  purifiers  when  properly  arranged. 

The  following  table  shows  the  quantity  of  gas  in  centi- 
meters absorbed  by  half  a gramme  of  different  varieties  of 
charcoal  : — 


Kind  of 
charcoal. 

Ammonia. 

Hydro- 

chloric 

acid. 

Sulphu- 

retted 

hydrogen. 

Carbonic 

acid. 

Oxygen. 

Sulphur- 
ous acid. 

Wood  ... 

98-5 

450 

30-0 

14-0 

0-8 

325 

Peat 

960 

600 

28-5 

10-0 

0-6 

275 

Animal . 

435 

... 

90 

5-0 

0, 

17-5 
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Action  of  charcoal  described. — The  absorbing 
powers  of  charcoal,  it  will  be  observed,  are  very  great.  Dr. 
Volecker,  f.k.s.,  savs  of  it  that  “ it  possesses  the  power  not 
only  of  absorbing  certain  smelling  gases,  sulphuretted  hydro- 
gen and  ammonia,  but  also  of  destroying  the  gases  absorbed, 
for  otherwise  its  purifying  action  would  be  soon  greatly 
impaired.  It  is  very  porous,  and  its  pores  are  filled  with 
condensed  oxygen  to  the  extent  of  eight  times  its  bulk.  We 
have,  therefore,  in  charcoal,  oxygen  gas  (which  supports 
combustion)  in  a condensed  or  more  active  condition  than  in 
common  air  which  we  breathe.  Henco  it  is  that  organic  matter 
in  contact  with  charcoal  is  so  rapidly  destroyed.  The  boauty 
of  charcoal  is  that  the  destruction  takes  place  imperceptibly, 
and  that  its  power  of  burning  organic  matter  is  continually 
renewed  by  the  surrounding  atmosphere,  so  that  it  is  a con- 
stant carrier  of  atmospheric  oxygen  in  a condensed  state  into 
its  pores.  The  oxygon  that  acts  on  organic  matter  and  burns 
it  up  is  speedily  replaced,  and  the  process  goes  on  continually. 
Hence  it  is  that  a comparatively  small  quantity  of  wood  or 
peat  charcoal  is  capable  of  destroying  a large  quantity  of 
organic  matter.” 


Charcoal  to  be  kept  dry. — When  charcoal  can  be  kept 
dry,  its  absorbent  power  will  continue  very  much  longer  than 
when  it  is  exposed  to  wet  or  damp,  and  in  placing  charcoal 
ventilators  in  sewer  shafts,  arrangements  should  always  be 
made  to  keep  them  as  clear  of  water  as  possible.  In  the  sketch 
given  on  plate  accompanying,  the  water,  it  will  be  observed, 
filters  through  the  material  at  the  bottom  of  the  ventilator 
pit  and  is  discharged  into  the  sewor  pit ; but  even  under  this 
plan  the  charcoal  is  apt  to  get  wet  in  heavy  rainfall.  . 

A plan  in  common  use  is  that  shown  in  the  following 
diagram : — 


462 


CHAPTER  VIU.— DRAINAGE. 


Charcoal  tray  ventilator. — The  trays  of  charcoal  are 

marked  (a),  and  the  sewer  gas  passes  up  in  the  direction  ot 
the  arrows  over  the  trays,  and  is  disinfected  by  absorption 
during  its  passage  between  the  trays.  This  plan  lias,  how- 
ever, the  same  defect  as  the  one  formerly  referred  to,  viz.,  the 
liability  of  the  charcoal  to  get  wet.  * 

Baldwin  Latham’s  ventilator.— The  following  figure 
shows  an  improved  plan  by  which  water  having  risen  so  as  to 
overflow  the  box  (cl)  passes  out  by  the  overflow  pipes  (o),  and 
is  conveyed  away  by  the  route  s s to  the  sewer.  The  trays 
in  this  case  block  the  whole  shaft,  so  that  no  gas  escapes 
without  passing  through  the  charcoal : — 


Number  and  area  of  ventilators  necessary. — The 

number  of  ventilators  should  bear  a constant  ratio  to  the 
capacity  of  the  sewers,  and  the  sum  of  the  total  discharge 
from  the  ventilators  on  a sewer  should  not  be  less  than  the 
discharging  capacity  of  the  sewer.  The  discharge  through 
the  ventilators  varies  with  the  difference  of  the  temperature 


Note. — In  Buck’s  Hygiene,  Dr.  Ford,  President  of  the  Board  of  Health 
of  Philadelphia,  -writes : Notwithstanding  the  advantages  claimed  by- 

Latham  for  this  kind  of  ventilator  (charcoal  ventilator),  the  verdict  of  the 
most  experienced  engineers  is  now  pronounced  against  its  general  use. 
Charcoal  is  “ so  often  an  evil  rather  than  a benefit  that  as  a rule,  it  ought 
to  be  discarded  from  sewerage  systems  ” (Denton).  Any  device  that 
obstructs  the  free  circulation  of  air  in  and  out  of  the  sewer  is  objection- 
able. The  greatest  possible  dilution  of  the  sewer  air  is  the  object  to 
be  aimed  at,  and  this  can  be  obtained  [by  providing  a sufficient  number  of 
openings  at  man-holes,  lamp-holes,  &c. 
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in  the  sewer  and  that  at  the  exit,  level  and  may  be  calculated 
as  follows  : — 

H = height  of  shaft  in  feet, 

T = temperature  of  air  in  sewer, 

t = do.  street, 

V = velocity  in  feet  per  second, 

a = '00-0361  for  Fah.  003660  for  Centigrade, 

then  V = 8 Ha  (T— t). 

Consider  a sewer,  with  a discharging  capacity  of  600 
feet  per  minute,  the  length  of  which  is  7,000  feet ; suppose 
that  there  is  a ventilator  at  every  150  feet,  then  we  have 

= 46  ventilators,  and  according  to  the  rule  enunciated 
the  total  discharge  from  the  ventilators  must  be  600  feet  or 
13  cubic  feet  per  minute  from  each  ventilator ; suppose  the 
ventilating  shafts,  16  feet  high,  and  the  minimum  difference 
of  the  temperature  to  be,  say  4°  F.,  then 

V = 8 V 16  x 002o361  x 4 
= 8 x '36  = 2'88  per  second 
= 172 '8  feet  per  minute. 

Each  ventilating  grid  would,  therefore,  require  to  have 
13  X 144 

an  area  of  — p=g — = 10' 8 square  inches.  The  ventilators 

ought  in  no  case  to  be  more  than  150  feet  to  200  feet  apart : 
they  ought  to  be  closer  at  the  lower  ends  of  the  sewers  than 
at  the  upper. 

If  the  direction  of  the  flow  of  air  were  dependent  entirely 
on  the  fact  of  the  temperature  of  the  atmosphere  being  greater 
or  less  than  that  of  the  air  in  the  sewer,  the  flow  would  be 
sometimes  into  the  sewer  and  not  out  of  if  . From  experi- 
ments made  at  Wimbledon  in  1888,  it  was  found  that  wind  is 
the  most  powerful  agent  in  creating  air  currents  in  and  from 
sewers,  and  that  the  flow  of  air  was  sometimes  in  the  same 
direction  as  the  flow  of  sewage  and  sometimes  the  reverse. 
In  a town  the  direction  of  the  wind  is  very  varied,  it  being 
deflected  by  the  obstructions  with  which  it  meets.  This 
factor  is  also  one  that  tends  to  ensure  ventilation. 

One  word  of  caution  is  necessary  in  regard  to  the  action 
to  be  adopted  in  case  of  complaints  regarding  nuisances 
caused  by  sewer  ventilators,  and  that  is  never  to  dose  a ven- 
tilator unless  another  can  be  opened  in  a more  suitable 
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locality.  Dr.  Carpenter,  at  the  Social  Science  Congress  in 
1889,  on  the  influence  of  sewer  gas  on  public  health,  said  : 
“ when  a stink  is  perceived  at  a particular  spot  or  in  a particular 
house,  orders  are  usually  given  to  stop  the  place  of  issue  by 
trapping  the  offending  opening  with  the  beneficial  result  of 
staying  the  progress  of  the  disease  in  that  particular  place, 
but  no  means  are  taken  to  prevent  its  influence  being  felt 
elsewhere.  The  mischief  is  simply  transferred  in  a selfish 
kind  of  way  from  one  place  to  another  and  the  public  suffers. 
Trapping  is  not  the  proper  remedy  unless  accompanied  by 
the  provision  of  another  exit  in  a safer  situation.'” 

Man-holes  and  lamp-holes. — The  former  should  be 
amply  provided  on  sewers,  for  purposes  of  entry  and  inspec- 
tion, the  latter  also  for  inspection  purposes  only.  The  man- 
holes provided  on  modern  sewers  are  usually  square  or  round 
wells  steined  with  brickwork  and  furnished  with  iron  steps, 
so  that  men  can  descend  into  the  sewers.  Plans  and  sec- 
tions of  man-holes  combined  with  ventilators  are  to  be  found 
on  the  plate  facing  page  456.  They  may  be  covered  with 
iron  plates  or  stone.  Man-holes  are  usually  made  to  act  as 
ventilating  shafts,  and  thus  serve  a double  purpose.  Lamp- 
holes  are  shafts  which  may  also  be  put  to  a similar  use ; they 
do  not  allow  of  the  entry  of  men,  but  a lamp  can  be  lowered 
through  then!  into  the  sewer  by  which  the  state  of  the  sewer 
between  a lamp-hole  and  an  adjoining  man-hole  may  be 
ascertained. 

Side  entrances. — Where  it  would  be  inconvenient  to 
frequently  open  up  a street  for  entry  to  the  man-holes,  side 
entrances  to  the  sewer  are  provided,  a man-hole  being  placed 
there  of  less  depth  than  the  height  from  the  sewer  to  the 
street  surface,  the  two  levels  being  connected  by  steps.  The 
bottom  of  a man-hole  is  often  formed  into  a cesspit,  and 
these,  in  the  construction  of  sewers,  have  been  found  of  great 
advantage,  as  they  can  be  used  for  pump  wells  and  for 
receiving  the  discharge  of  the  pipes  running  under  the 
sewers. 

Use  of  gullies  and  traps.— When  the  rainfall  or  a 
portion  thereof  is  to  be  admitted  to  the  sewer,  certain  arrange- 
ments are  necessary  (1)  to  prevent  the  admission  of  sand,  (2) 
to  prevent  the  emission  of  sewer  gas.  The  first  is  effected 
by  a gully,  the  second  by  what  is  called  a trap  or  barrier 
between  the  sewer  on  one  side  and  the  air  of  the  streets  or 
houses  on  the  other. 
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The  following  diagram  shows  a simple  form  of  trapped 
gully 


N .'vNW'J.W 


Causes  of  occasional  failures  of  action  of  traps. 

—Water  traps  are  usually  constructed  on  the  principle  of  the  ' 
inverted  syphon ; in  the  smaller  sizes  they  often  become 
ineffective  through  being  completely  emptied  by  the  syphon 
discharging  full  bore  and  emptying  the  trap.  Evaporation  is 
another  cause  of  failure  and  one  likely  to  be  often  met  with  in 
India.  There  are,  however,  numberless  descriptions  of  traps 
and  gullies  as  any  sanitary  plumber’s  catalogue  will  testify ; 
it  is  impracticable  here  to  enumerate  or  describe  them. 

HOUSE  DRAINAGE. 

In  certain  large  towns  in  India,  such  as  Bombay  and 
Calcutta,  underground  sewerage  systems  have  been  intro- 
duced and  the  house  drains  are  connected  with  these  under- 
ground sewers.  Generally  the  drains  from  the  sewer  to  the 
house  end  in  a trap  placed  outside  the  house.  In  many  cases, 
the  sullage  waters  from  the  house  are  passed  from  the  house 
by  pipes  to  open  drains  which  convey  the  sullage  to  the  trap 
before  mentioned.  Certain  houses  in  Bombay  and  Calcutta 
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have  water  closets,  and  where  these  are  in  use  closed  pipes 
are  necessary  on  either  side  of  the  trap. 

Exclusion  of  sewer  gas. — Where  houses  have  water 
closets  or  have  for  some  other  reasons  closed  drains  in  connec- 
tion with  the  sewers,  a way  is  open  for  the  passage  of  sewer 
gas  into  the  houses  and  the  most  elaborate  precautions  are 
necessary  in  the  way  of  traps  and  ventilation  to  prevent  its 
entry.  In  India  where  the  evolution  of  sewer  gas  is  so  rapid, 
the  danger  due  to  the  admission  of  sewer  gas  into  houses  is  a 
matter  which  calls  for  very  carefully  considered  precautions. 
Again,  in  India,  where  the  great  majority  of  the  houses  in  a 
town  are  of  such  low  value  that  any  extra  taxation  necessary 
to  pay  for  special  apparatus  would  often  cause  a house  to  be 
vacated,  the  difficulty  of  securing  the  provision  of  such  appa- 
ratus is  very  great.  If  a house  has  a water  closet,  it  must 
have  its  own  connection  with  the  sewer;  if  the  excreta  is 
otherwise  disposed  of,  then  a block  or  row  of  houses  may  be 
furnished  with  open  drains  to  carry  off  the  sullage  water  to 
the  sewers  and  one  connection  only  properly  trapped  and 
ventilated  may  be  required. 

Bombay  house  connections. — In  Bombay,  or  at 
any  rate  in  large  areas  of  it,  the  corporation  considered  it 
necessary  to  construct  at  their  own  cost  the  house  connections 
necessary,  requiring  only  that  .the  owner  should  thereafter 
keep  them  in  order.  Even  this  is  really  not  effectually  done, 
and  a committee  sat  in  Bombay  in  1892  to  consider  the 
whole  question  of  house  connections.  In  the  evidence  given, 
there  are  found  such  statements  as  this,  “ they  force  all  sorts 
of  things  into  the  down-take  pipes,  food,  leaf  plates,  ashes, 
sand,  earth  and  besiles  that  the  nahani  connections  are  used 
for  urinating  and  defoecating.  I have  seen  holes  in  syphons 
and  discharge  pipes  and  pieces  of  down  pipe  taken  away.” 
The  system  adopted  in  Bombay  is  to  carry  down  pipes  from 
a sink  placed  outside  a window  down  the  side  of  the  house  ; 
these  pipes  end  and  discharge  over  a trap  at  ground  level, 
and  thence  either  an  open  or  underground  drain  carries  off 
the  sullage  water  to  the  sewer.  There  is  a syphon  on  the 
down  pipe.  There  is  no  doubt  that  an  open  surface  drain 
between  the  house  and  the  sewer  is  advantageous,  because 
any  solid  substance  will  be  arrested  and  a surface  drain  can 
be  easily  cleaned.  Where  there  are  water  closets  in  use, 
open  drains  cannot  be  used,  and  more  elaborate  systems  of 
trapping  and  ventilation  are  imperative. 

Difficulties  in  providing  effective  house  drainage. 

—In  India  as  in  England  the  proper  design  and  provision 
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of  house  drains  is  tho  most,  difficult  point  in  all  drainage 
schemes  ; upon  the  skill  shown  in  their  arrangement,  con- 
struction and  ventilation,  the  marked  effect  of  drainage  works 
will  depend.  But  it  is  tho  author’s  opinion,  looking  to  the 
difficulties  in  finance,  ignorance  of  sanitary  requirements  and 
sanitary  apparatus  and  their  use,  the  want  of  proper,  sufficient 
and  intelligent  labour,  tho  dangers  of  ill-construction,  that 
water  closets  should  never  bo  introduced  into  Indian  houses, 
and  that  any  drains  in  connection  with  the  sewers  for  carrying 
away  sullage  water  should  end  outside  the  house  and  if  possi- 
ble some  distanco  from  it.  Tho  diagram  on  tho  following  page 
shows  the  manner  in  which  the  drains  and  connections  from 
inside  the  house  are  disconnected  from  those  outside.  Pipes 
other  than  soil  pipes  discharge  over  the  top  of  tho  grating. 

Cost  of  house  connections. — The  cost  of  house  con- 
nections will  average  in  India  not  less  than  Rs.  100  a house, 
and  in  many  houses  will  be  two  and  three  times  that  amount. 


STREET  DRAINAGE. 

Open  street  drains. — Street  drains  are  constructed  for 
carrying  off  sewage  and  storm  water  or  for  the  latter  only. 
When  a town  has  sewers  to  which  the  house  drains  are 
connected,  sewage  does  not  enter  the  street  drains,  and  these 
are  then  for  storm  waters  alone,  but  in  towns,  where  an  under- 
ground sewerage  system  does  not  exist,  or  where  sewers  are 
in  the  main  streets  only,  the  house  drains  are  not  in  direct 
communication  with  the  sewers,  and  the  sewage  is  discharged 
into  the  street  drains.  These  drains  in  India  are  usually  the 
first  attempt  at  drainage  of  any  description  whatever,  and 
where  sufficient  slope  can  be  obtained,  they  are  of  much 
benefit  in  removing  sewage  from  the  immediate  neighbour- 
hood of  d-wellings. 

Form  of  section  of  street  drains. — Many  sections 
of  street  drains  have  been  proposed  and  adopted,  but  when 
it  is  considered  that  they  have  to 
carry  at  one  time  sewage,  and  at 
another  tho  sewage  mixed  with 
large  quantities  of  storm  water,  it 
is  evident  that  theso  drains  ought 
to  be  of  an  oval  section,  that  being 
the  section  most  suited  for  varying 
discharges.  The  following  sections 
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CONNECTION  OF  HOUSE  DRAINS 
WITH  SEWERS 
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have  been  advocated  as  suitable  to  the  wants  of  South  Indian 


towns,  but  being  partly  composed  of  Cuddapah  or  slate  slabs 
are  easily  broken  and  not  so  easily  cleaned  as  in  the  former 
seotion.  The  section  first  given  may  be  modified  thus ; in 
this  form  less  outting  of  bricks  is  required. 


For  side  streets,  lams  and  backyards,  the  author  has 
found  the  following  sections  of  drain  most  convenient  and 
cheap.  It  is  formed  of  stonewaro  tiles  made  by  Messrs. 
Burn  and  Co. 


c 


T 


ZZZZiXt 


When  inverted,  they  form  very  useful  drains  for  filter  beds 
(vide  chapter  No.  "VII). 

3 o 
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The  following  diagram  shows  a drain  of  a more  expensive 
character,  but  superior  in  construction  to  any  of  the  above, 
the  inside  being  formed  of  glazed  tiles,  the  backing  boing 
concrete : — 


The  following  tables  give  the  velocities  and  discharges  of 
drains  of  the  ovoid  section  running  full ; they  should  be  laid 
at  such  gradients  as  will  ensure  that,  the  ordinary  depth  of 
sewage  flow  has  a velocity  sufficient  to  keep  them  clear  ; this 
is  not  easy  to  effect  where  the  town  is  on  a flat  site  or  whero 
streets  run  along  the  contours  of  a hill,  but  ail  drainage 
works  must  bo  really  more  or  less  of  a compromise  with 
regard  to  the  most  perfect  conditions,  and  open  street  or 
surface  drainage  is  all  that  a town  may  be  able  to  afford 


discharge  from  street  drains, 
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Area  and  hydraulic  mean  depth  of  ovoid  drains  (in  which  the  depth 
is  equal  to  the  top  width  and  the  invert  has  a radius  of  \th  the 
top  width). 


Size  of  drain. 

Sectional  area- 

Hvdranlic 

mean  depth. 

Remarks. 

SQ.FT. 

FEET. 

' 

6" 

•1800  j 

1537 

9" 

•4003 

•2300 

If  a = top  width  = depth  of  drain  and 

12" 

•7223 

•3074 

15" 

1-1287 

•3843 

— = radius  of  invert,  then  — = radius 

18" 

1-G253 

•4011 

of  side  are. 

21" 

22122 

•5380 

24" 

2-8S94 

•0148 

27" 

3-0508 

•0917 

30" 

45140 

•7G8G 

Construction  of  street  drains. — The  concrete  floor 
or  brick  foundation  should  not  have  footings  ; in  the  first 
place  they  are  unlikely  to  bo  required  to  aid  in  the  distri- 
bution of  the  weight  of  the  drain,  which  weight  is  extremely 
small,  and  such  footings  would  require  a wider  trench  than 
necessary,  or  an  unsatisfactory  form  of  excavation.  The  fact 
of  the  trench  being  cut  exactly  to  the  width  required  for  the 
drnin  adds  much  to  its  strength. 

Materials  for  constructing  street  drains. — These 
drains  may  be  of  brick  in  soorki  or  cement  capped  by  hard 
burnt  bricks,  by  stone  where  available.  They  should  be  lined 
with  cement  plaster  not  only  to  give  them  a smooth  surface, 
but  because  the  sewage  tends  to  destroy  the  mortar  between 
the  bricks,  and  finally  the  bricks  themselves.  Wl  ere  glazed 
tiles  are  used  for  lining  the  drains  they  should  bo  set  in 
cement,  but  the  concrete  may  be  formed  with  ordinary  or 
soorki  mortar. 

Requirements  in  designing  street  drainage.— 

All  street  drains  should  be  constructed  on  some  pre-arranged 
plan,  because  whether  an  underground  sewerage  system  exists 
or  whether  one  is  to  be  afterwards  adopted,  these  street  drains 
will  still  be  required.  They  should,  therefore,  be  designed 
so  as  (1)  to  carry  the  rainfall  to  existing  outfalls  and  perhaps, 
it  may  be  necessary  to  cany  the  sewage  there  also  at  first, 
and  (2)  to  discharge  their  sewrage  contents  into  existing  or 
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proposed  underground  sewers.  The  capacity  of  drains  from 
the  higher  parts  of  the  town  must  he  increased  gradually,  as 
they  receive  tributary  drains  and  approach  the  lower  parts 
towards  their  point  of  discharge. 

Maximum  rainfall  cannot  be  provided  for. — 

Their  discharging  powers  must  be  calculated  on  some  fixed 
amount  of  rainfall,  say,  half  an  inch  per  hour.  This  is  not 
likely  to  be  the  maximum  rainfall  to  be  carried  off,  but  in 
India,  it  is  almost  impossible  to  make  provision  for  rainfall 
of  the  greatest  known  intensity. 

Position  of  street  drains. — The  drains  may  be,  close 
to  the  houses  or  may  be,  if  footpaths  exist,  between  the  foot- 
path and  the  road,  thus  — 


Where  drains  are  for  water  from  the  street  alone,  a deep 
section  like  the  above  is  not  necessary,  and  a common  method 
is  to  form  the  drain  along  the  footpath  in  the  following 
manner : — 


Arrangements  at  street  crossings.— At  street 
crossings  and  house  entrances  more  headway  than  that 
required  for  the  actual  depth  of  the  drain  ought  to  be  given, 
to  allow  of  the  drains  being  cleaned  and  any  solid  matter 
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removed.  Open  drains  under  street  crossings  ought  not  to  be 
arched  over,  but  covered  with  flat  stones,  as  when  an  obstruc- 
tion docs  take  place,  one  or  two  stones  can  be  easily  removed 
and  replaced,  while  rebuilding  a portion  of  an  arch  is  always 
a matter  of  some  difficulty. 

Objections  to  open  drains. — One  objection  to  open 
street  drains  has  been  already  noticed,  viz.,  tho  difficulty  of 
always  obtaining  proper  gradients  for  tho  drains.  There  are 
other  objections  to  them,  viz.,  that  they  are  apt  to  be  blocked 
by  solids  for  which  they  are  not  intended  being  passed  into 
or  placed  in  them.  Again,  the  house  drains  often  discharge 
cxcrefa  along  with  sullage  water,  if  the  house  drain  is  in  a 
convenient  situation  for  the  reception  of  the  former  or  if  the 
privies  are  badly  constructed.  Against  theso  objections  may 
be  placed  the  fact  that,  if  the  drains  are  blocked,  it  is  known 
where  they  require  cleaning  and  that  they  can  and  ought  to 
be  cleaned  daily,  that  their  contents  are  ever  subjected  to  influ- 
ence of  air  and  sun,  and  that  under  the  open  system  there  is 
no  way  opened  for  the  admission  of  sewer  gas  into  tho  houses. 
A few  further  remarks  on  street  drains  will  be  found  in  the 
account  of  the  drainage  of  Black  Town  of  Madras.  The 
drainage,  which  at  present  obtains  in  Indian  houses,  is  also 
further  referred  to. 

OTHER  SYSTEMS  OE  DRAINAGE. 

The  Lierneur  and  Shone  systems  of  drainage, 

&C. — So  far,  what  is  known  as  the  water  carriage  system 
of  drainage  has  alone  been  mentioned,  but  there  are  other 
systems  ; two  of  the  most  notable  arc  those  just  mentioned. 

The  Lierneur  system. — Some  years  ago,  a Dutch 
Engineer,  Captain  Lierneur,  proposed  an  entirely  new  plan, 
which  is  one  under  which  the  excrcmentitious  products  are 
taken  direct  from  the  houses  by  means  of  pipes,  from  which 
the  air  is  exhausted  (the  extracting  force  being  equal  to 
1,500  lb.  on  the  square  foot),  and  the  excreta  is  thus  drawn 
to  central  stations  where  it  is  transferred  to  air-tight  carts. 
These  are  transported  to  tho  place  where  tho  manurial 
products  are  to  be  utilized.  The  system  pre-supposcs  a town 
fitted  with  closets  of  an  improved  description  and  is  unsuit- 
able for  India. 

The  Shone  system  is  suitable  for  places  with  flat 
gradients,  and  the  system  is  one  that  must,  as  time  goes  on, 
find  favour  in  India.  It  is  the  one,  on  which  the  town  of 
liangoon  has  been  drained,  and  is  most  suitable  for  townj 
built  on  nearly  level  plains  and  for  places  which  are  little 
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above  sea  or  river  level.  In  such  places  proper  gradients 
for  the  sewers  cannot  be  obtained  without  deep  exoavations 
or  numerous  pumping  stations ; by  the  Shone  system  good 
gradients  may  be  secured  and  deep  excavations  avoided.  It 
is  also  comparatively  cheap. 

Compression  by  air  part  of  Shone  system. — The 

system  may  be  thus  briefly  described.  It  is  the  opposite  of 
Captain  Lierneur’s  system,  the  agent  being  the  compression 
instead  of  the  exhaustion  of  air,  and  it  is  additional  to  the 
ordinary  water  carriage  system  of  sewage,  and  not  in  substi- 
tution for  it. 

Advantages  of  the  system. — Where  towns  are 
situated,  so  that  they  stand  little  above  the  level  of  surround- 
ing plains  or  a neighbouring  sea-board,  where,  perhaps,  the 
rise  and  fall  of  the  tide  may  be  insignificant,  or  where,  as  at 
Eangoon,  a city  is  built  on  the  delta  of  a great  river  and 
the  execution  of  deop  sewers  is  a very  expensive  undertaking, 
the  difficulties  which  engineers  experience  in  designing 
economical  and  suitable  drainage  works  can  hardly  be  com- 
prehended by  their  non-professional  brethren . The  difference 
between  sanitary  and  insanitary  drainage  works  lies  in  this, 
that  while  the  former  dispose  of  the  sewage  before  it  throws 
off  those  obnoxious  gases  which  bring  both  discomfort  and 
disease,  the  latter  class  generally,  for  want  of  conditions 
favourable  to  gravitation,  fail  in  their  allotted  task.  No  part 
of  engineering  science  has  been  more  carefully  investigated 
than  that  relating  to  the  laws  which  govern  the  flow  of  water 
in  pipes  and  channels,  and  a velocity  of  not  less  than  feet 
per  second  is  desirable  in  all  sowers  to  prevent  doposit.  See- 
ing, then,  that  engineers  have  only  to  design  their  works  so 
that  when  the  sewage  enters  them  it  shall  pass  along  at  the 
above  velocity,  the  uninitiated  naturally  ask,  “ why  not  insist 
on  every  Sanitary  Engineer  designing  such  works  as  shall 
comply  with  those  conditions?  ” It  may,  however,  be  easily 
comprehended  that  if,  in  towns  such  as  have  been  described, 
the  precepts  laid  down  were  carried  out,  the  sowers  at  their 
lower  ends  would  be  much  below  ground  and  without  any 
outfall  and  expensive  pumping  works  would  be  necessary  to 
complcto  such  a scheme.  Engineers  have  been  driven  in  many 
cases  to  lay  down  sewers  at  such  levels  and  gradients  as  are 
not  free  from  objection,  but  which,  though  not  efficient,  are 
much  in  advance  of  pre-existing  sanitary  conditions.  The 
Shone  system  affords  means  by  which  outlay  on  deep  sewers 
may  be  avoided,  and  at  the  same  time  it  allows  of  the 
removal  of  sewage  in  an  efficacious  and  simple  manner, 
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One  of  tho  main  objects  of  the  sj’stem  is,  of  course,  to  com- 
ply with  the  condition  of  the  necessary  volocity  by  adopting1 
such  moans  as  will  allow  surface  gradients  to  bo,  to  a largo 
extent,  disregarded.  This  is  accomplished  by  using  iron 
receptacles,  called  ejectors,  for  sewage,  fixed  in  suitable  posi- 
tions so  as  to  allow  of  sowers  properly  proportioned  and  graded 
being  laid  thereto.  The  ejectors  are  made  of  various  shapes 
and  sizes  according  to  tho  amount  of  sewage  they  have  to 
discharge,  preference  being  given,  however,  to  those  having 
the  lower  portion  of  a hemispherical  shape.  Employment  of 
ejectors  enables  the  town  to  be  divided  into  small  and  suit- 
able districts  according  to  local  conditions  of  gradients, 
population,  outfall,  &c.,  each  district  being  provided  with 
an  ejector  station.  The  'sewage  from  each  district  gravitates 
through  the  sewer  or  sewers  belonging  to  that  district  (which 
sewers  need  be  neither  large  nor  of  great  length,  nor  at  great 
depth,  as  the  district  may  be  made  any  size)  until  it  falls 
through  an  inlet  valve  into  an  ejector  and  the  sewage  con- 
tinues to  How  until  the  ejector  is  almost  full,  when  a valve  is 
automatically  opened.  The  opening  of  these  valves  admits 
compressed  air,  which,  rushing  in,  forces  out  the  contents  of 
the  ejector  into  an  iron  pipe  or  sewer  laid  close  to  the  sur- 
face level.  This  pipe  carries  the  sewage  either  to  an  outfall, 
or  to  another  ejector,  should  circumstances  require  further 
elevation  of  the  sewage. 

The  air  which  works  the  ej  ectors  is  compressed  by  suitable 
engines  at  central  or  other  stations,  and  is  distributed  in 
small  pipes,  like  gas  pipes,  to  each  ejector  to  which  it  is 
admitted  only  when  the  ejector  is  almost  full.  There  is  great 
advantage  in  having,  as  it  were,  these  detached  pumping 
stations,  for  there  is  greater  economy  in  the  less  height  the 
sewage  has  to  be  lifted  than  if  it  were  all  brought  direct,  and 
through  long  distances  to  a pumping  station.  The  system 
allows  the  sewage  to  be  carried  in  small  pipes  of  short 
lengths  and  easy  gradients  ; it  does  not  allow  of  the  accumu- 
lation of  noxious  gas,  and  it  implies  a quick  flow  of  sewage. 

Rangoon  is  the  first  city  in  India  which  has  adopted  the 
system.  Bombay  has  adopted  the  system  in  a portion  of  the 
city  (Colaba).  Among  other  places  where  it  is  in  operation  are 
Eastbourne,  Henley-on-Thames,  Southampton  (partly),  and 
Warrington.  It  has  also  been  successfully  applied  to  the 
drainage  of  certain  large  buildings  in  London,  the  chief  of 
these  being  the  Houses  of  Parliament,  the  Royal  Courts  of 
Justice,  the  National  Liberal  Club,  Winchester  House,  Old 
Broad  Street,  &c.  The  sewers  of  the  Houses  of  Parliament 
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were  laid  down  in  1839  by  Sir  Charles  Barry  and  were 
altered  in  1846.  On  the  completion  of  the  London  main 
drainage  works,  they  were  found  to  be  complete  sewers  of 
deposit,  owing  to  the  high  level  at  which  the  sewage  was 
always  flowing  in  the  main  sewer  into  which  the  sewers  of 
the  Houses  discharged.  Matters  became  so  bad  that  on  one 
occasion  in  1886  the  House  of  Commons  had  to  suspend  its 
sitting,  and  a committee  was  appointed,  Sir  Henry  Eoscoe 
being  chairman,  to  report  thereon  ; the  result  was  the  adop- 
tion of  the  Shone  Hydro-Pneumatic  system  which  is  said  to 
have  given  Parliament  entire  satisfaction. 

A sectional  elevation  of  an  ejector  station  is  shown  in  the 
following  diagram  : — 


Summary  of  advantages.  —The  advantages  of  the 
system  may  be  summed  up  as  follow  : — 

(1)  Good  gradients  for  the  sewers  are  always  obtain- 
able. 
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(2)  Deep  excavations  are  avoided. 

(3)  Large-sized  sewers  are  avoided. 

(4)  The  length  of  the  sewers  is  decreased. 

(5)  The  sewage  is  kept  constantly  in  motion. 

(6)  The  outfall  may  be  at  any  desired  level. 

Hydraulic  system. — Somewhat  similar  economies  can 
be  secured  by  the  introduction  of  what  are  known  as  hydrau- 
lic pumps  worked  at  stations  in  each  of  several  small  areas 
of  a town.  These  pumps  are  driven  by  the  pressure  of  water 
sent  through  hydraulic  mains  from  a central  pumping  station 
exactly  on  the  principle  of  the  Shone  system  ; in  the  latter 
system,  however,  air  is  the  motive  power,  while  in  the  former 
the  water  raised  for  pumping  has  to  be  obtained  and  then 
got  rid  of. 

SEWAGE  PUMPING. 

For  raising  sewage  in  small  quantities,  viz.,  from  the 
sewer  outfalls  of  small  villages  if  a small  amount  of  storage 
can  be  provided,  the  lifting  may  bo  done  by  picottahs,  chain 
pumps,  bullock  lifts,  &c.,  but  where  the  flow  is  considerable, 
steam  pumping  machinery  is  necessary.  Even  with  steam 
machinery,  an  amount  of  storage  is  necessary  ; by  its  inter- 
vention, pumping  at  nights  may  be  saved,  and  this  is 
desirable  in  India,  because  drivers  cannot  be  trusted  to  work 
satisfactorilv  at  night  with  reduced  quantities  of  sewage  flow- 
ing to  the  pumps  which  can  be  stored  to  a great  extent  in  the 
sewers,  and  if  the  sewage  is  being  pumped  on  to  land,  it  is 
better  it  should  reach  the  land  and  be  distributed  during  the 
day.  Of  course  storage  room  can,  as  an  alternative,  be  pro- 
vided at  the  sewage  farm,  but  this  will  not  do  away  with 
the  necessity  for  pumping  at  nights,  when,  if  pumping  is  not 
continued  regularly,  deposit  takes  place  in  the  sewers.  When 
storage  room  is  provided  at  a pumping  station,  the  maximum 
surface  level  of  the  sewage  should  be  below  the  sewer  invorts. 
Sometimes  the  outfall  sewer  itself  is  enlarged  to  store  sowage, 
but  this  plan  cannot  be  recommended. 

Sewage  pumps. — A class  of  pumps  suitable  for  lifting 
sewago  is  the  centrifugal,  and  these  are  recommended  where 
the  lift  is  moderate.  Pumps  of  the  Worthington  class  are 
also  often  adopted  in  India.  They  are  of  very  similar  design 
to  those  used  for  water-supply*  It  is  not  advisable  to  use 
sewage  for  condensing  purposes  in  surface  condensers ; the 
tubes  get  very  quickly  blocked  with  matters  in  the  sewage. 
The  power  required  from  engines  and  pumps  must  be 


* Vide  page  328. 
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calculated  in  reference  to  the  maximum  flow  of  sewage,  and 
where  rainfall  is  admitted  to  any  extent  into  the  sewers, 
provision  must  be  for  a large  reserve  of  machinery. 

SEWAGE  DISPOSAL. 

Methods  of  disposal. — The  following  are  the  various 

methods  adopted  for  the  disposal  of  sewage  : — 

(1)  Discharge  into  running  water. 

(2)  Discharge  into  the  sea. 

(3)  Subsidence  in  tanks. 

(4)  Precipitation  of  solids  by  chemical  means. 

(5)  Filtration  through  charcoal,  iron,  sand,  gravel,  &c. 

(6)  Application  to  land. 

The  advanced  state  of  sanitary  science  shews  that  No.  1 
is  objectionable,  unless  the  volume  of  the  river  be  very 
large  in  proportion  to  the  quantity  of  sewage,  or  the  fall  of 
the  stream  very  considerable  and  velocity  great,  so  that  by 
aeration  and  oxidation  the  sewage  matters  quickly  disappear. 

Only  in  few  places  can  No.  2 be  adopted,  and  the  sewage 
is  apt  to  be  carried  up  and  down  the  coast  or  else  swept  on 
shore  again  by  the  direction  of  the  currents  or  action  of  the 
tides. 

Under  method  No.  3 the  sewage  is  stored  in  tanks  until 
the  solids  subside  and  the  liquids  are  then  run  off.  It  can 
be  done  only  on  a small  scale  and  is  even  then  unsatisfactory 
in  its  results. 

The  object  of  precipitation  (No.  4)  is  to  purify  the  sewage 
so  that  it  is  fit  for  admission  into  a river.  The  solids  are 
thrown  down  with  chemicals ; the  solids  may  be  dried  and 
pressed  into  cakes  and  then  applied  to  land,  used  for  making 
cement,  or  mixed  with  earth  and  ashes  and  sold  for  manure. 
Among  the  different  substances  used  for  precipitation  are  salts 
of  lime,  magnesium,  carbon,  iron,  zinc,  &c.  The  very  existence 
of  so  many  processes  and  patents  shews  that  none  of  them  are 
quite  satisfactory.  The  objections  are  these  : (1)  the  water  is 
not  really  purified  though  apparently  so,  (2)  the  precipitate  is 
worth  little  or  nothing,  (3)  the  process  is  expensive  and  gives 
no  return. 

Filtration  (No.  5)  through  charcoal  or  iron  has  not  given 
satisfactory  results,  but  filtration  through  sand  has  been  found 
efficient  as  shown  by  the  following  record  of  experiments  made 
by  the  Massachusetts  Board  of  Health  with  the  sewage  from 
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the  City  of  Lawrence  on  the  Merrimac  river.  The  sewage 
was  the  ordinary  city  sewage.  The  total  * solids  amounted  to 
from  o 5 to  125  per  1,000. 

Several  tanks  for  filtration  were  tried,  hut  the  one,  which 
gave  the  most  satisfactory  results,  was  a tank  (No.  1)  17'  4"  x 
16'  8"  x 6'  0".  The  drain  in  the  tank  was  15  feet  long  of  horse 
shoe  section,  2 inches  square  in  area  with  the  open  side  down 
laid  on  blocks  6 inches  apart  and  half  an  inch  above  tho  floor. 
The  floor  was  covered  w'ith  ooarse  gravel  stones  l"x2"  in 
diameter ; above  this  layers  of  gravel  decreasing  layer  by-layer 
to  x ; on  the  top  of  this  was  placed  coarse  mortar  sand  3^ 
inches  thick  at  centre  of  tank.  Over  the  layers  thus  prepared 
there  wore  5 feet  of  very  coarse  sand.  It  was  found  that  nitri- 
fication of  the  sewage  w'as  the  work  of  an  organism  or  ferment, 
which  acting  on  the  sewage  in  the  presence  of  atmospherio 
air  was  able  to  oxidise  it.  The  presence  of  air  w'as  found 
absolutely  necessary  and  this  could  be  obtained  only  by  inter- 
mittent filtration.  The  nitrification  of  the  sewage  did  not 
occur  until  the  filter  had  been  some  time  at  work,  the  nitrify- 
ing organisms  requiring  some  time  to  multiply  to  sufficiently 
deal  with  all  sewage  flowing  through  the  filter.  A filter  must 
be  very  open  grained  at  the  top  if  nitrification  is  to  be  effected. 

The  results  of  two  years’  experiment  with  the  above  tank, 
76  per  cent,  of  whose  particles  had  a diameter  02  to  '09  of  an 
inch,  showed  that,  at  the  rate  of  48,000  gallons  per  acre  per 
day,  99  per  cent,  of  the  organic  matter  in  the  sewage  was 
destroyed  and  the  bacteria  found  in  the  effluent  numbered  less 
than  one-tenth  of  the  number  in  the  raw  sowage.  Larger 
quantities  of  sewage  up  to  180,000  gallons  per  acre  per  day 
were  also  filtered  and  97  per  cent,  of  bacteria  removed,  but 
this  rate  could  not  be  efficiently  maintained. 

Filtration,  a biological  process. — The  experiments 
prove  that  filtration  is  not  mere  straining,  but  that  organic 
matter  in  the  sewage  is  burnt  up  and  destroyed  by  tho  action 
of  an  organism,  which  experiments  in  America  have  now 
isolated  for  the  first  time.  The  organism  will  not  grow  in 
gelatine  culture.  The  organism  requires  a supply  of  air  and 
hence  intermittent  filtration  is  necessary  ; even  when  gravel, 
the  size  of  pigeon  eggs,  was  used  the  purification  was  very 

lication  of  sewage  to  land  desirable. — The  re- 
sults oY practical  experience  pronounce  emphatically  in  favour 


• The  average  solids  in  London  sewage  amount  to  four  parts  per  1,000. 
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of  applying  sewage  directly  to  land  and  this  entirely  agrees 
with  the  dictates  of  reason.  Nature’s  cycle  is,  that  the  animal 
world  is  supported  by  the  vegetable  and  the  vegetable  in  turn 
by  the  animal,  each  finds  its  sustenance  in  the  other.  Y ege- 
tation  feeds  on  decomposed  animal  and  vegetable  matter,  con- 
verting substances  noxious  to  the  life  of  animals  into  healthy 
vegetation  when  dissolved  by  water  and  taken  up  by  the  rootlets 
of  plants.  The  same  vegetation  is,  in  its  turn,  the  food  of 
animal  life,  which  in  process  of  its  growth  throws  off  the 
refuse  to  feed  vegetation  again.  Nature  thus  puts  into  our 
hands  an  absolute  solution  of  the  problem  of  dealing  with  our 
refuse. 

Of  the  organic  matter  to  be  removed  from  our  bouses  that 
portion  of  animal  origin  is  destructive  to  the  healthy  life  of 
animals,  but  is  necessary  to  plant  life,  and  through  plants  to 
the  animals  which  feed  on  them ; and  to  bring  back  these 
elements  which  were  poisonous  to  animal  life  in  the  form  in 
which  they  were  thrown  from  it,  they  must  undergo  that 
complete  transformation,  which,  passing  into  vegetable  life, 
involves  before  they  become  again  fit  for  animal  food. 

Action  of  air  on  sewage. — The  cleansing  of  sewage 
is  therefore  essentially  a chemical  and  biological  one,  because 
when  sewage  is  exposed  to  the  action  of  air,  the  organic  matter 
becomes  oxidised  and  changed  into  harmless  substances. 

Stagnating  sewage,  a nuisance. — Sewage  should  be 
kept  moving  and  should  be  conveyed  to  the  earth  as  quickly 
as  possible.  It  is  stagnation  of  sewage  which  causes  nuisance 
and  which  prevents  sewage  being  used  profitably. 

Action  of  the  earth  on  sewage  and  effects. — The 

pores  of  the  earth  are  at  all'  times  filled  with  either  air  or 
water;  when  air  is  expelled  the  other  takes  its  place.  That 
part  of  the  organic  matter  of  sewage,  which  is  so  far  decayed 
as  to  be  readily  assimilated  by  vegetation,  is  at  once  removed 
in  that  way,  another  portion  is  stored  in  the  earth  awaiting 
further  decay,  any  surplus  is  carried  down  and  if  the  earth  is 
porous  enough  or  if  there  are  deep  laid  drains  the  air  follows 
it  and  changes  the  decaying  organic  matter  into  harmless 
substances  by  a process  of  oxidation. 

The  above  theory  has  lately  been  modified,  and  it  is  said 
that  experiments  show  that  nitrification  in  sewage  and  soils 
is  the  result  of  the  action  of  an  organised  ferment  which 
occurs  abundantly  in  soils  and  impure  waters ; that  nitrifi- 
cation is  strictly  limited  to  the  range  of  temperature  within 
which  the  vital  activity  of  living  ferments  is  confined ; this 
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nitrification  proceeds  with  extreme  slowness  near  the  freezing 
point,  increases  to  about  99°  Fahr.  and  stops  at  135° 
Fahr.  The  Health  Officer  in  Madras  states  that  in  the  cold 
weather  the  temperature  of  the  soil  is  80°  to  100°  Fahr.  ; in 
the  hot  weather  this  will  be  higher,  and  loss  nitrification 
will  therefore  be  taking  place  near  the  surface  during  that 
period ; a greater  depth  of  porous  or  specially  prepared  soil 
is  therefore  necessary  than  in  more  temperate  climates. 

From  the  results  of  experiments,  it  appears  that  in  a clay 
soil  the  nitrifying  organism  is  usually  confined  to  about  18 
inches  of  the  top  soil  and  is  most  abundant  in  the  first  6 
inches.  In  sandy  and  porous  soils  and  in  soils  broken  up  by 
the  passage  of  worms  or  roots  of  plants,  the  organism  is  at 
a much  lower  level  than  this  and  has  been  found  to  exist  in 
porous  soils  at  from  3 to  4 feet  below  the  surface. 

Air  is  necessary  for  these  organisms  to  discharge  their 
functions ; when  sewage  is  allowed  to  flow  on  to  land,  it 
displaces  the  air  in  the  pores  of  the  land  and  drains  down 
through  the  earth ; therefore,  as  will  be  deduced  from  the 
foregoing  remarks,  sewage  must  not  be  continuously  applied 
to  the  land,  or  the  necessary  supply  of  air  will  cease  and  thus 
prevent  the  sewage  undergoing  those  processes  which  render 
it  innocuous ; irrigation  must,  therefore,  be  arrested,  and  if 
sewage  is  applied  for  4 or  5 hours,  then  the  land  will  require 
12  to  18  hours  for  renewal  with  the  fresh  air  which  is  a 
necessity. 

Preparation  of  land  for  sewage  farming. — Land 

may  be  prepared  for  the  purification  of  sewage  in  two  ways, 
viz.,  for  broad  irrigation  or  intermittent  filtration. 

Broad  irrigation. — When  broad  irrigation  is  used,  the 
land  must  be  fairly  even,  but  with  a slight  slope,  so  that 
the  sewage  may  travel  slowly  over  the  land  and  admit  of 
the  surface  being  equally  wetted  throughout  and  so  that  the 
surface  mav  be  dried  subsequently  to  the  application  of  the 
sewage. 

Intermittent  filtration. — When  intermittent  filtration 
is  the  method  by  which  purification  is  to  be  effected,  the  land 
is  laid  out  in  beds  and  the  sewage  applied  to  each  bed  passes 
vertically  downwards  through  a pervious  stratum  in  a more 
or  less  purified  condition  and  escapes  by  means  of  drains  or 
otherwise. 

Laying  out  of  land  for  sewage  irrigation  or  filtra- 
tion requires  considerable  care  and  attention.  When  the 
subsoil  is  sand,  gravel  or  other  porous  material,  the  subsoil 
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water  finds  an  easy  outlet  with  or  without  artificial  aid  into 
streams,  water-courses,  &c.  Where  clay  is  the  soil,  its  treat- 
ment is  difficult.  If  drains  are  laid  in  the  clay,  when  the 
land  is  dried  for  cutting  the  crops,  cracking  will  result  and 
the  sewage  will  pass  to  the  drains  without  being  filtered 
at  all  if  there  is  only  a slight  depth  of  soil  over  the  clay. 
Clay,  therefore,  cannot  be  drained  for  sewage  farming,  and 
as  sewage  should  not  be  put  on  to  non-porous  soil  without 
subsoil  drains,  it  is  a soil  that  should  be  avoided  unless  a 
thick  coating  of  porous  soil  is  previously  spread  over  it. 

The  depth,  at  which  drains  should  be  laid,  is  evidently 
determined,  to  a great  extent,  by  the  results  of  experiments 
as  to  the  depth  at  which  nitrification  positively  ceases ; this, 
as  previously  stated,  is  at  a depth  of  3 to  4 feet,  and  in  this 
view  it  is  unnecessary  to  prepare  intermittent  filtration  beds 
as  deep  as  was  formerly  thought  necessary,  viz.,  6 feet.  Dr. 
Frankland  has  stated  that,  whereas  in  the  Rivers  Pollution 
Report,  he  recommended  that  depth,  he  had  now  reason 
to  believe  that  2 feet  would  be  equally  effective.  These 
facts  are  substantiated  by  the  rapid  purification  which  sewage 
undergoes  when  applied  to  the  soil  immediately  below  the 
surface  as  in  sub-surface  irrigation.  Koch  says  that,  in  the 
soils  he  examined,  bacteria  were  nearly  absent  at  a depth 
of  one  metre ; why  this  should  be  so  may  be  deduced  from 
the  explanation  of  the  nature  of  the  filtering  process  in  regard 
to  water  already  explained. 

Broad  irrigation  is  a system  obtaining  in  England  to 
a large  extent,  the  surface  being  chiefly  depended  upon  for 
purification.  It  would  seem,  at  first  sight,  a form  suitable 
for  application  in  India,  but  sanitarians  are  usually  averse  to 
any  system  which  does  not  include  sub-soil  drainage  ; when, 
however,  an  area  at  a distance  from  habitations  under  rice 
cultivation  with  a porous  soil  is  available,  the  system  is  one 
which  may  be  applied,  ditches  and  intercepting  drains  being 
provided,  and  all  wells  on  the  sewaged  area  or  within  a radius 
likely  to  be  affected,  being  closed. 

Intermittent  filtration. — For  intermittent  filtration 
beds  must  be  formed,  so  that  sewage  may  be  distributed  first 
to  one  bed  and  then  to  another,  to  allow  requisite  intervals 
of  rest.  For  broad  filtration  also,  where  the  land  has  a slope 
greater  than  is  suitable  for  the  proper  rate  of  flow  of  sewage 
under  irrigation  conditions,  it  must  be  formed  into  beds  or 
small  fields.  This  need  hardly  be  explained,  for  in  India 
paddy  lands  are  seen  under  a variety  of  conditions,  situa- 
tions, slopes,  &c. ; the  size  of  the  beds  will  depend  on  the 
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nature  and  variety  of  the  orops,  and  more  particularly  on  the 
slope  and  oontour  of  the  ground.  They  should  be  suoh  that 
the  sewage  oan  be  easily,  quickly  and  evenly  distributed  over 
each  portion  of  the  bed  ; too  muoh  slope  for  a bed  is  as  bad 
as  too  little ; therefore  in  order  to  save  expense,  where  tho 
original  surface  is  too  steep  in  its  natural  state,  short  beds  aro 
advisable.  Beds  may  bo  laid  out  as  shown  in  the  diagram 
on  page  486,  which  pre-supposos  the  conditions  that  the  • 
slope,  at  right  angles  to  the  main  carrier,  is  excessive.  The 
beds  in  this  case  must  be  given  a proper  slope  by  excavating 
the  end  (a)  and  raising  the  end  (<!>).  The  smallor  the  beds 
are,  the  loss  will  be  tho  cost-  of  excavation  to  obtain  a proper 
slope.  Tho  slope  may  be  as  high  as  1 in  30,  and  even  this, 
if  the  soil  is  very  porous,  may  be  insufficient  to  distribute  tho 
sewago  evenly.  It  is,  therefore,  necessary  to  limit  the  length 
of  a bed,  and  in  some  soils  a 50  feet  length  for  a 1 in  30 
slope  is  a maximum.  The  determination  of  the  size  and 
length  of  beds  is  a matter  of  experience  and  convenience  in 
respect  to  the  natural  features  of  tho  area  to  bo  irrigated. 
Under  the  broad  irrigation  system,  the  land  is  completely 
submerged  and  a constant  depth  maintained  by  bunds  round 
each  soparato  area  under  culture. 

Distribution  of  sewage. — The  carriers  or  drains 
conveying  tho  sewage  to  the  land  should  be  of  the  most 
simple  character  possible  ; the  main  carriers  may  bo  open  brick- 
lined  or  concreted  channels.  Very  often  earthen  embank- 
ments with  largo  open  semi-oval  shaped  channels  made  of 
stonowaro  will  suffice.  * Tho  sub-carriers  may  be  made  of 
similar  but  smaller  tiles  laid  on  earth  banks,  the  smallest- 
sized  carriers  may  bo  simplo  furrows  or  trenches  cut  in 
the  ground.  Branches  and  T pipes  will  be  required  on  the 
main  and  secondary  carriers ; tho  flow  of  the  sewago  out 
of  the  larger  carriers  may  be  regulated  by  small  masonry 
sluices  with  wooden  doors ; outlets  from  other  carriers  may 
be  closed  simply  by  clods  of  earth.  It  is  desirable  to  have  on 
a farm,  if  possible,  considerable  storage  capacity  for  sewage  ; 
in  the  first  place  sewage  is  best  applied  during  the  day  only 
and,  in  the  second  place,  when  rainfall  occurs  excess  sewage 
must  be  used  up  somehow,  and  if  it  cannot  be  pumped,  it 
must  be  stored.  If  the  sewage  farm  area  is  of  an  un- 
dulating character,  on  elovations  divided  from  one  another 


* Dr.  Nicld  Cook,  Health  Officer  of  Madras’  experience  is  that  even 
for  the  main  carriers  simple  earth  conduits  such  as  are  used  in  our  Indian 
irrigation  channels  are  all  that  is  required, 
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by  small  valleys,  it  is  advantageous  to  arrange  that  each 
separate  area  should  be  commanded  by  a small  tank  into 
which  the  sewage  can  be  pumped  direct  from  where  it  is 
raised ; such  tanks  can  be  discharged  by  means  of  a syphon 
action  as  often  as  required.  It  is  desirable  to  distribute 
sewage  in  this  way,  as  considerable  velocity  and  better  distri- 
bution can  be  ensured.  Tanks  for  storage  purposes  or  for 
receiving  storm  waters  should  be  placed  at  the  higher  points 
of  each  district  or  on  ridges  within  the  farm  area.  Those  at 
Berlin  are  mado  with  earth  banks  and  so  as  to  bo  3 feet  deep. 
They  are  from  5 to  22  acres  in  extent  and  form  storage  tanks 
when  the  sowage  cannot  be  distributed  owing  to  frost. 

Area  required  for  intermittent  filtration. — Tho 

cleansing  power  of  a soil  is  dependent  more  on  its  physical 
than  its  chemical  conditions.  Certain  soils  will  effectively 
purify  about  10  gallons  per  cubic  yard  of  soil  per  day',  others 
only  4 gallons.  The  former  quantity  is  equivalent  to  cleans- 
ing nearly  100,000  gallons  per  acre  per  diem,  the  latter  to 
40,000  if  drains  are  6 feet  deep.  The  former  quantity 
represents  the  discharge  from  a population  of  6,000  people 
at  1 5 gallons  per  head,  the  latter  of  2,666  people.  If  the 
purifying  action  of  the  soil  does  not  go  deeper  than  3 feet, 
then  the  latter  figures  will  be  3,000  and  1,333. 

It  was  at  one  time  estimated  in  England  that  the  yield 
of  a population  of  2,000  persons  could  be  disposed  of  on  an 
acre  ; this  was  soon  found  to  bo  too  high  and  1,000  persons 
in  England  is  considered  the  maximum  : this  latter  quantity 
even  is  not  accepted  without  doubt  of  its  correctness.  It  is 
evidently  incorrect  to  consider  tho  population  in  reference  to 
the  acreage ; what  ought  to  be  considered  in  all  cases  is  the 
quantity  of  sewage  and  its  composition.  Now  it  is  evident 
that  for  a water  closet  to'wn  a greater  area  will  be  required 
than  for  a town  which  has  the  dry-earth  system,  and  a town 
yielding  30  gallons  per  head  will  require  double  the  area  of 
one  with  an  equal  population  yielding  only  15  gallons  per. 
head.  In  England  1,000  persons  would  yield  30  to  40 
gallons  per  head  or,  say,  30,000  to  40,000  gallons,  in  India 
only  15  to  20  gallons  per  head  or,  say,  15,000  to  20,000 
gallons.  If  then  an  acre  is  required  in  England  for  1,000 
persons,  an  acre  in  India  (especially  as  only  very  few  towns 
are  water  closet  towns)  ought  to  be  sufficient  for  2,000 
persons,  and  with  very  suitable  well-drained  soil  3,000  persons 
(45,000  to  60,000  gallons)  per  acre  would  not  be  excessive, 
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The  following  gives  particulars  of  the  areas  and  amounts 
of  sewage  applied  to  certain  English  sewage  farms  on  which 
the  intermittent  system  is  in  use  : — 


Names  of  places. 

— 

Gallons 
per  diem 
draining 
to  farm. 

Acreage  of 
farm  under 
filtration. 

Acres  per 
each.  30,000< 
gallons  per 
diem  or  say 
1,000  people. 

Dewsburv 

900,000 

50  for  filtra- 

2-0 

£ 

O 

tion,  12  for 

irrigation. 

Hitchin 

§ 

300,000 

19  acres. 

1-9 

Merton 

CD 

1,500,000 

28  do. 

0-56 

Swan-wick 

HH 

120,000 

15  do. 

375 

The  foregoing  table  shows  great  variation  due,  no  doubt, 
to  the  varied  porosity  of  the  different  soils. 

Area  required  for  broad  irrigation. — Under  broad 
irrigation  the  number  of  gallons  which  can  be  discharged 
on  the  soil  is  much  less  than  under  the  system  of  inter- 
mittent downward  filtration ; it  is  probable  that  for  India 
7,500  gallons  per  acre  per  diem  would  not  be  excessive. 
An  acre  would,  in  such  case,  be  sufficient  for  a population 
of  500  people  yielding  15  gallons  per  head  or  2 0 acres 
per  1,000. 

The  following  particulars  among  others  regarding  En- 
glish sewage  farms  were  collected  by  the  Borough  Surveyor 
of  Leicester : — 


area  required  for  broad  irrigation 
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The  following  shows  the  number  of  gallons  to  eaoh  acre 
under  cultivation  and  number  of  acres  per  1,000  people  taking 
the  yield  as  30,000  and  20,000  gallons  respectively,  or  at  30 
and  20  gallons  per  head  : — 
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The  following  table  refers  to  the  sewage  farms  whioh 
receive  the  sewage  of  the  City  of  Berlin  : — 


Farm. 

Acres  treated 
for  each  1,000,000 
gallons  daily 
sewage  flow. 

Persons  per 
acre. 

1 

Oadorf 

223 

198 

Gross  Beeron  ...  ...  * ... 

256 

141 

Fallcenberg 

303 

165 

Malchow  ...  ...  * 

403 

122 

Average  ... 

268 

156 

These  farms,  originally  formed  without  drains,  have  since 
been  underdrained.  The  drains  are  of  2 inch  tiles  laid 
parallel  to  the  surface  joining  master  drains  3 inches  to  6 
inches  in  diameter.  The  drains  are  16  to  33  feet  apart ; the 
cost  was  £8-10-0  per  acre  drained. 

Sewage  filters. — Referring  again  to  experiments  made 
at  Lawrence  (Massachusetts),  the  results  were  as  follow : — 


* 

• 

Soil. 

Number  of 
gallons  of  sewage 
one  acre  is 
capable  of 
purifying  inde- 
finitely. 

Number  of 
persons  at  15 
gallons  per 
head. 

Coarse  Band 

117,000 

78,000 

Coarse  and  fine  sand  and  fine  gravel. 

42,600 

2,840 

River  silt 

134,000 

790 

3 feet  8 inches  of  sand  and  gravel, 
10  inches  yellow  loam,  6 inches 
brown  soil 

8,880 

592 

During  the  1893-94  session  of  the  Institute  of  Civil 
Engineers,  Mr.  Sydney  Lowcock  read  a paper  in  reference  to 
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certain  experiments  he  had  made  with  sewage  filters.  The 
filters  were  composed  of  sand  and  broken  stone  to  a total 
depth  of  3 feet  1£  inches  ; air  was  blown  into  a central  layer 
of  stone  in  the  filter  with  a pressure  of  about  4'5  inches  of 
water.  The  quantity  of  sewage  applied,  when  the  most  satis- 
factory results  were  obtained,  was  263,780  gallons  per  acre  per 
day ; with  a properly  aerated  filter,  by  increasing  the  depth 
of  material,  a greater  degree  of  purification  will  be  attained 
than  by  increasing  the  area,  or  more  sewage  can  be  put  on 
the  same  area,  with  an  increased  depth.  Sewage  filters  are 
very  suitable  for  dealing  with  comparatively  small  amounts 
of  sewage  from  hospitals,  jails,  schools,  &c.,  or  at  places  where 
suitable  land  for  sewage  irrigation  cannot  be  obtained. 

Sewage  farming  in  India  is  yet  in  its  infanoy. 
Madras  is  the  only  town  where  it  has  developed  to  any  extent. 
The  original  farms  in  Madras  were  placed  on  ground  con- 
venient to  existing  outfalls  without  much  thought  as  to 
porosity  of  soil,  drainage,  &c.  Some  of  the  sites  were  old 
rubbish  depots.  The  collection  of  rubbish  had  replaced  low 
swamps,  so  that  the  under  soil  was  no  doubt  damp  and  often 
water-logged,  though  the  made-soil  above  was  porous  to  a 
considerable  extent.  The  cultivation  of  the  surface  of  such 
depdts  is  no  doubt  a sanitary  measure  so  far  as  they  are 
concerned,  but  they  were  not  the  best  places  for  sewage  farms. 
Some  of  the  farms  have  extended  far  beyond  the.  limits  of  the 
original  depot.  The  largest  farm  in  Madras  is  the  Black 
Town  farm,  formed  by  the  authQr  in  connection  with  the 
Black  Town  drainage  works ; it  was  formed  on  a plain 
sloping  towards  the  sea  along  which  it  extends  ; the  soil  is 
sand,  extremely  porous  and  no  under-draining  was  attempted. 
The  farms  are  worked  on  the  intermittent  system  or  a 
modification  of  that  system. 

The  following  information,  extracted  from  a paper  of  Dr. 
Nield  Cook,  Health  Officer  of  Madras,  gives  information 
regarding  the  Madras  farms  : — 

“ Dr.  Cook  states  that,  in  writing  his  paper,  his  object 
is  to  show  that  the  adverse  conditions,  which  prevent  the 
general  adoption  of  this  method  of  sewage  disposal  in  Eng- 
land, are,  for  the  most  part,  absent  in  India,  and  that  a trial 
extending  over  a quarter  of  a century  in  Madras  proves  that 
an  unlimited  amount  of  sewage  can  be  disposed  of  in  this  way 
in  accordance  with  the  best  hygienic  principles,  and  fur- 
ther that  tho  farm  produce  finds  a ready  market.  The  first 


MADRAS  SEWAGE  FARMS. 


493 


experiment  in  sewage  farming  was  the  cultivation  of  an  area 
reclaimed  by  rubbish,  the  area  had  been  a swamp  with  a clay 
subsoil ; this  farm  was  at  first  a failure  owing  to  water  logging. 
Hie  next  experiment  was  at  Kistnampett,  whore  part  of  the 
area  had  been  reclaimed  bv  the  disposal  of  rubbish  and  part 
was  pure  sea  sand.  Owing  to  the  porosity  of  the  subsoil,  the 
farm  is  a success  and  as  much  as  69  tons  of  grass  per  acre 
have  been  raised.  Since  then  a number  of  farms  have  been 
started  including  the  Black  Town  farm.  Dr.  Cook  considers 
this  farm  to  be  a fair  model  for  an  Indian  Sewage  farm  and 
describes  it  in  detail  as  follows  : — 

“ The  sewage  passes  from  the  outfall  channol  through  cul- 
verts with  sluices  into  the  main  carriers.  These  are  banks 
of  earth  with  a channel  scooped  out  on  the  top.  They  run  in 
parallel  lines  about  432  feet  apart,  giving  off  at  right  angles, 
the  secondary  or  distributing  carriers  which  are  similar,  but 
somewhat  smaller.  The  interval  between  the  distributing 
carriers  is  114  feet,  and  it  is  divided  into  two  by  a small 
bund,  which  runs  through  the  beds  half  way  between  them. 
This  may  be  called  the  central  bund.  The  beds  slope  down 
to  it  from  the  distributing  carriers.  It  is  absent  in  some  of 
the  farms,  but  it  is  thought  it  is  a good  thing  to  have  it,  as 
the  grass  may  rot  at  the  lowest  part  of  the  slope  through  the 
water  standing  there  longest.  It  percolates  through  the 
• bund,  and  so  this  is  avoided.  There  are  further  bunds  at  in- 
tervals of  0 to  8 feet  running  from  near  the  distributing 
earners  down  to  the  central  bund.  These  are  small  and  not 
more  than  4 to  6 inches  in  height.  They  conduce  to  the 
equal  distribution  of  the  sewage  over  the  grass.  The  junction 
of  a distributing  carrier  with  a main  is  made  with  a stone- 
ware drain  pipe  of  about  6 inches  diameter.  Grass  grows 
freely  over  the  bunds  and  over  the  carriers  to  the  very  edgo 
of  the  channels,  which  become  coated  with  a black  sludge, 
which  hinders  the  sewage  from  sinking  in,  though  it  allows 
enough  percolation  to  keep  the  grass  growing  freely  over 
them.  Large  drain  tiles  have  been  laid  in  some  of  the  car- 
riers, but  they  soon  get  displaced  and  serve  no  good  pur- 
pose. The  gradient  of  the  carriers  should  be  sufficient  to 
ensure  a fairly  rapid  flow  without  causing  a scour.  Where 
the  amount  of  sewage  to  be  disposed  of  is  small,  the  beds 
should  be  made  somewhat  smaller  than  the  measurements 
given  in  order  to  get  even  distribution.  The  slope  from  the 
distributing  carrier  to  the  central  bund  is  about  1 in  30. 

“ The  system  of  irrigation,  which  has  been  found  to  answer 
best,  is  to  flood  the  beds  heavily  every  three  or  four  days, 
though  it  can  be  done  oftener  without  any  ill-effect.  The 
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method  employed  is  to  open  the  sluice  in  the  outfall  channel 
and  let  the  sewage  run  into  a main  carrier.  The  drain  pipes 
leading  to  the  distributors  to  be  used  are  left  open ; those  which 
are  not  to  be  used  are  closed  with  earth  and  grass.  If  only  the 
first  part  of  a main  carrier  is  required,  it  can  be  bunded  across 
at  the  required  distance  with  earth.  The  same  can  be  done 
with  a distributor,  which  is  then  breached  behind  the  barrier, 
and  the  sewage  pours  out  and  runs  down  the  space  between 
the  distributor  and  the  ends  of  the  bunds  that  divide  up  the 
beds,  and  turns  off  between  these  bunds  to  run  down  the  beds 
to  the  central  bund.  The  men  in  charge  of  the  farms  say 
that  they  put  on  about  4 inches  at  a time,  but  the  amount 
must  be  much  larger,  as  a good  deal  of  sewage  sinks  in  before 
it  begins  to  lie  on  the  surface.  This  method  of  intermittent 
irrigation  economises  the  labour  on  a large  farm,  as  only  a 
third  or  a quarter  of  it  has  to  be  attended  to  every  day.  It 
also  gives  plenty  of  time  for  air  to  be  drawn  into  the  inter- 
stices of  the  soil  and  provide  the  oxygen  which  is  necessary 
both  for  nitrification  and  the  formation  of  tissue.  * Most 
cultivators  irrigate  equally  all  the  time  a crop  is  growing,  but 
one  of  great  experience  states  that . the  younger  the  grass  the 
more  sewage  it  will  take.  The  grass  should  not  be  irrigated 
for  two  or  three  days  before  it  is  cut.  This  allows  it  to  harden, 
and  though  it  does  not  weigh  quite  so  much,  its  quality  is  better 
and  it  does  not  wither  so  quickly.  After  the  grass  is  cut, 
which  is  done  in  Madras  with  a sickle  with  a saw  edge,  the 
teeth  being  set  the  contrary  way  to  an  English  saw,  the 
ground  should  lie  fallow  for  the  best  part  of  a week.  The 
careful  farmer  will  then  take  the  opportunity  of  forking  it 
and  loosening  the  roots,  though  in  some  farms  this  is  not  done 
more  than  once  a year.  It  favours  the  development  of  young 
roots  to  replace  the  old  ones,  and  so  preserves  a healthy  and 
vigorous  growth.  The  beds  should  also  be  weeded.  If  this 
is  done  regularly,  it  entails  very  little  labour,  but  if  it  is  neg- 
lected, there  may  be  some  difficulty  experienced.  The  grass 
is  generally  cut  rather  before  it  reaches  maturity.  The  farm 
contractor  reckons  to  cut  a crop  every  45  days,  which  gives 
eight  crops  a year.  In  the  Municipal  parks,  where  sewage 
irrigation  is  carried  on,  so  many  are  not  obtained.  The 
method  of  irrigation  by  blocking  the  channels  with  earth  and 
breaching  them  is  primitive,  but  it  suits  the  native  cultivator, 
who  is  very  skilful  with  it,  and  it  has  been  found  to  answer 
the  purpose,  so  no  attempt  has  been  made  to  supersede  it  and 
introduce  iron  or  wooden  stoppers. 

“ Some  of  the  three  million  gallons  of  sewage  daily 
pumped  at  the  R&yapuram  station  is  drawn  off  to  irrigate  the 
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Robinson  Park,  the  remainder  goes  to  the  Black  Town  farms. 
Adding  together  the  area  of  the  park,  the  farm  and  of  certain 
private  lands  adjoining  the  farm,  which  are  irrigated  by  the 
contractor,  the  total  is  40  acres  approximately*  This  gives  a 
daily  average  of  75,000  gallons  per  acre.  The  experience  at 
the  Berlin  farms  is  that  not  more  than  2,000  to  3,000  gallons  t 
of  daily  sewage  should  be  allotted  per  acre,  so  that  the  land 
may  have  the. necessary  periods  of  rest.  At  the  Bedford  farm 
in  England,  about  5,200  gallons  per  acre  are  pumped  daily, 
and  at  the  Beddington  farm  about  6,600  gallons,  which  is  the 
largest  amount  known  of,  outside  Madras.  + Yet  the  Madras 
contractor,  who  is  getting  twelve  times  as  much  sewage  per 
acre  as  any  European  farm  would  stand,  recently  petitioned 
to  have  sewage  irrigation  stopped  in  the  Robinson  Park  on  the 
ground  that  he  was  not  getting  enough.  This  is  a remark- 
able testimony  to  the  porosity  of  the  soil  and  the  copious  eva- 
poration that,  takes  place  under  the  influence  of  the  Indian 
sun.  The  sewage  which  is  used  to  irrigate  the  farm  does  not 
form  a definite  effluent,  but,  on  careful  examination,  tiny 
rivulets  are  found  trickliug  down  from  near  the  bottom  of  the 
wall  of  sand  in  which  the  farm  ends,  where  it  drops  down  to 
join  the  sea-shore.  The  amount  is  so  small  that  it  was  a 
long  time  before  it  was  noticed. 

“ As  regards  the  crops  that  do  best,  though  it  has  been 
found  that  nearly  everything  will  grow  under  sewage  irriga- 
tion, later  experience  has  confirmed  the  verdict  of  the  early 
experimenters  in  Madras,  that  harriali  grass  ( Cynodon  daett/- 
lon,  Hind.  Dhoob ) is  by  far  the  most  satisfactory.  It  has 
the  advantage  of  being  indigenous ; for  English  and  French 
experience  has  shown  that  the  particular  crop,  whatever  it 
may  be,  that  suits  the  neighbourhood  seems  to  flourish  under 
sewage.  It  is,  moreover,  a voracious  feeder  and  is  not  easily 
killed  by  excess  of  sewage.  In  the  wild  state  in  places  where 
there  is  not  much  moisture,  it  creeps  for  the  most  part  below 
■the  surface  of  the  ground.  Native  ponies  may  be  seen  scrap- 
ing the  surface  of  the  ground  with  their  hoofs  and  blowing 
away  the  dust  to  get  at  it,  and  will  graze  where  there  is  not 
a blade  of  green  grass  to  be  seen.  But,  when  abundantly 
irrigated,  it  shoots  up  to  a height  of  2 feet  or  more  and  yields 
most  luxuriant  crops.  A good  farm  yields  about  45  tons  of 


* These  figures  do  uot  agree  with  the  figures  given  on  page  501  where 
the  latest  figures  will  be  found. 

f The  latest  returns  show  that  from  2,500  to  4,500  gallons  per  acre 
are  used  in  the  Berlin  farms. 

I This  statement  is  not  quite  correct,  see  statistics  already  gives. 
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green  grass  per  acre,  which  dries  down  to  about  15  tons  of  hay . 
This  compares  very  favourably  with  the  Berlin  farms,  which 
yield  25  tons  of  grass  or  5 tons  of  hay.  From  this  it  would 
appear  that  the  grass  grown  in  Madras  contains  less  water 
than  that  grown  in  Germany . The  English  sewage  farms 
yield  about  the  same  amount  of  hay  as  the  German  ones. 
This  is  about  double  the  yield  from  English  meadow  land. 
So  where  1 ton  of  hay  is  got  from  meadow  land,  2 tons  are 
obtained  from  European  sew'age  farms  and  6 tons  from 
Madras  sewage  farms.  This  enormous  difference  may  be 
partly  attributed  to  the  season  of  growth  being  continuous  in 
India,  whereas  in  Europe  it  is  limited  to  the  summer  months, 
and  partly  to  the  fact  that  a high  temperature  in  a soil  or 
water  up  to  99  Fahr.  increases  the  activity  of  nitrification 
and  consequently  the  vegetable  growth.  The  hay  from  the 
Madras  farms  is  mostly  sold  to  the  Commissariat  at  Rs.  45 
a ton.  This  gives  an  average  money  yield  of  Rs.  675,  or 
about  £37  sterling  per  acre  (taking  Rs.  18  to  the  pound) 
against  £18  per  acre,  which  is  reported  to  be  the  average 
price  of  Italian  rye  grass  grown  on  the  Bedford  sewage  farm. 
When  the  differences  in  the  cost ’of  land  and  labour  in  the  two 
countries  are  taken  into  account,  it  is  easily  seen  how  it  comes 
to  pass  that  sewage  farming  is  so  much  more  profitable  in 
India  than  in  England,  for  there  is  double  the  produce  at 
less  than  probably  a quarter  of  the  outlay.  Besides  the 
supply  of  hay  to  the  Commissariat,  there  is  a fair  market  for 
grass  and  hay  among  horse  owners  in  the  city,  especially 
during  the  hot  weather  when  grass  is  scarce. 

“ With  regard  to  the  quality  of  sew'age  farm  hay  as  forage, 
Veterinary -Major  W.  Gladstone,  A.V.D.,  the  officer  in  charge 
of  the  horses  of  11. E.  the  Governor’s  Body  Guard  and  the 
Royal  Artillery  at  St.  Thomas’  Mount,  writes : — 

“ ‘ Since  hay  from  the  sewnge  farms  has  been  used  at  the 
Mount,  there  has  not  been  a single  case  of  anthrax  until  this 
year,  when  on  inquiry  I found  that  one  of  the  Majors  was 
using  grass-cutters’  grass.  This  wns  stopped  and  since  then 
we  have  not  had  a case.  The  same  in  the  Body  Guard.  I 
strongly  recommend  hay  from  the  sewage  farms,  as  diseased 
cattle  are  not  allowed  to  stray  over  the  land,  and  it  is  by  far 
the  best  forage  you  can  get  in  Madras.’  Veterinary -Colonel 
I.  S.-Shaw  says,  ‘wherever  dry  hay  has  been  used,  anthrax 
has  not  been  known,  and  certainly  I have  not  seen  a case. 
In  Bclgaum  in  1878,  we  had  anthrax,  and  as  soon  as  the 
grass-cutters  were  discharged,  it  ceased  and  has  not  recurred 
since.  The  same  in  Bangalore,  except  when  they  are  com- 
pelled to  use  green  grass,  as  in  camps  of  exercise,  &c.  So 
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1 believe  the  drying-  process  and  keeping  diseased  cattle  off 
the  land  had  a groat  deal  to  do  with  this  immunity.’ 

“ Harriali  grass  grows  bettor  from  roots  than  from  seed. 
The  roots  should  he  planted  in  rows  about  6 inches  apart.  It 
spreads  quickly  and  in  about  two  months  a light  crop  can  be 
cut.  If  it  is  planted  in  a soil  recently  mado  by  the  deposit 
of  rubbish,  the  irrigation  should  be  somewhat  excessive,  daily 
will  not  be  too  often.  Otherwise  the  heat  due  to  fermenta- 
tion may  kill  the  grass.  Beds,  both  of  sand  and  of  made  soil, 
planted  more  than  twenty  years  ago,  are  still  yielding  good 
crops,  though  they  have  never  been  ploughed  up  or  replanted. 
If  a bed  sinks  in  any  part  a few  cart  loads  of  rubbish  will  restore 
the  level.  If  caterpillars  appear,  as  they  occasionally  do  about 
the  end  of  the  rainy  season,  a little  freshly-slaked  lime  will 
quickly  put  an  end  to  them,  failing  which,  ashes  are  as  good 
as  anything. 

“Complaints  of  nuisance  have  been  made  against  some  of 
the  Madras  farms  as  against  most  sewage  farms  in  other 
places.  There  is  an  ammoniacal  smell  from  the  sewage  wells 
and  main  camel’s  at  times,  but  apart  from  this  the  air  over 
the  farms  themselves  seems  perfectly  fresh  and  wholesome. 
No  one  with  his  eyes  bandaged  could  perceive  by  the  sense  of 
smell  that  he  was  walking,  over  a sewage  farm. 

“ With  regard  to  underdrainage,  its  objects  are  to  prevent 
the  soil  from  becoming  water-logged,  which  ruins  the  crops 
and  prevents  the  proper  exercise  of  its  purifying  action  on 
sewage,  and  to  enable  a larger  quantity  of  liquid  to  be  disposed 
of.  It  has  never  been  successfully  employed  in  Indian  agri- 
cultural operations.  In  a trial  made  at  the  H aid  ape  t experi- 
mental farm,  it  was  found  that  its  efficiency  was  destroyed 
through  the  pipes  getting  blocked  by  white  ants,  &c.  It  is 
quite  unnecessary  in  a highly  permeable  soil  that  permits  free 
percolation.  In  the  Berlin  farms  it  was  not  adopted  at  first, 
but  was  subsequently  resorted  to  when  the  soil  got  water- 
logged, 2-iueh  pipes  being  laid  16  to  33  feet  apart  at  an 
average  depth  of  3 to  4 feet.  In  most  of  the  Madras  farms 
there  is  no  water  to  be  found  above  a depth  of  5 or  6 feet. 
There  is  no  impervious  stratum  under  them  for  a considerable 
distance  down,  D’Mellow’s  Boad  Farm  being  an  exception, 
as  it  has  an  impervious  stratum  and  is  only  slightly  raised.  In 
England  and  Germany  it  is  found  that  less  than  half  the 
sewage  used  for  irrigation  flows  away  as  an  effluent.  In  India 
the  proportion  must  be  very  much  less,  as  evaporation  and 
transpiration  are  enormously  increased  under  the  influence  of 
the  tropical  heat. 
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“ This  enables  large  volumes  of  sewage  to  be  used  for  irriga- 
tion without  under-draining  and  without  appreciably  raising 
the  level  of  the  subsoil  water.  What  little  effluent  percolates 
through  the  farms  mav  safely  be  allowed  to  join  the  subsoil 
water  without  any  fear  of  polluting  it  or  in  any  way  endan- 
gering the  public  health  ; already  good  reason  has  been  shown 
for  believing  that  there  is  not  very  much  of  it,  that  the  water 
level  is  not  appreciably  raised  and  that  the  crops  are  healthy 
aud  vigorous.  Hence,  so  far  as  can  be  seen,  no  reason  exists 
for  under- drain  age,  which  would,  moreover,  entail  great  diffi- 
culties and  expense  ; for  the  ground  is  so  level  that  the  effluent 
would  not  run  off,  so  that  it  would  have  to  be  pumped,  and 
there  would  be  nowhere  for  it  to  go  to  unless  it  were  thrown 
on  to  the  beds  again,  and  so  be  sent  round  and  round  in  a 
vicious  circle. 

“ Under  the  arrangement  with  the  sewage  farm  contractor, 
the  Municipal  Commissioners  undertake  to  pay  the  rent, 
establishment  and  labour.  The  contractor  must  keep  in  repair 
the  sewers,  drains,  cisterns,  channel-pipes  and  other  things 
connected  with  the  delivery  of  sewage  in  or  on  the  farms. 
He  must  dispose  of  as  much  sewage  on  the  land  as  the  Com- 
missioners deliver.  He  must  cultivate  and  manage  the  farms 
in  the  most  approved  manner  and  keep  them  in  a clean 
condition,  free  from  weeds,  &c.  He  must  allow  free  access  to 
the  farms  to  the  officers  and  servants  of  the  Municipality,  in 
order  that  they  may  see  in  what  state  the  farms  are  kept, 
and  whether  any  part  is  in  need  of  repair,  and,  if  so,  to  give 
notice  to  the  lessee,  who  must  execute  the  repairs  within 
fifteen  days.  The  contractor  has  the  right  of  constructing  new 
wells,  cisterns,  &c.,  if  he  first  obtains  consent  for  the  proposed 
work.  The  Commissioners  agree  not  to  stop  the  delivery  of 
sowage  at  any  one  time  for  a longer  period  than  five  davs. 
The  contractor  is  allowed  to  cultivate  or  irrigate  with  sewage 
other  land  than  Municipal,  land  with  the  consent  of  the 
President,  and  pays  to  the  Commissioners  Rs.  250  per  cawnie 
(1  cawnie=l’322  acres)  per  annum  for  lands  so  cultivated. 
The  contractor  has  to  cultivate  and  irrigate  any  other  land 
acquired,  rented  or  handed  over  to  the  Municipality  and  pays 
the  Commissioners  Rs.  300  per  cawnie  per  annum  for  lands 
so  cultivated. 

“ The  contract  system,  which  was  introduced  in  1888,  has 
been  found  to  be  more  profitable  than  working  the  farms 
dcpartmontally.  The  usual  objection  to  it  is  that  a con- 
tractor has  an  eye  only  to  profit,  and  will  not  use  all  the 
sewage  on  the  farms  for  fear  of  injuring  his  crops.  No 
trouble  has  been  experienced  from  this  cause  in  Madras 
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partly  through  the  voracity  of  harriali  and  partly  through 
the  well-known  prodigality'  of  the  Indian  cultivator  in  the 
matter  of  irrigation. 

“ The  farms  are  put  up  to  public  auction  triennially.  At 
the  first  sale  in  1888,  Rs.  7,250  per  annum,  or  Rs.  21,750  for 
the  whole  period,  was  the  highest  bid.  On  this,  if  the  cost  of 
pumping  on  the  farms  be  included,  there  was  a loss  on  tho 
three  years  as  shown  below  : — 


Income. 

R8.  A.  p. 

Rent  of  farms . . 21,750  0 0 


Loss  ..  ..  19,239  11  6 


Expenditure. 

its.  a.  r. 

Establishment.  1,920  1 9 

Overtime  ..  153  10  8 

Fitters’  staff  . . 721  1 3 

Labour  (including 

pumping)  ..  35,414  5 10 

Rent  of  sewage 

farms  , . 2,780  8 0 


Total  ..  40,989  11  6 


Total  ..  40,989  11  6 


“ This  shows  a loss  of  Rs.  19,239-11-6  or  rather  more 
than  Rs.  6,000  a year.  In  1891  the  better  price  of  Rs.  15,600 
per  annum,  or  Rs.  46,800  for  tho  three  years,  was  obtained  ; 
on  this  an  actual  profit  of  Rs.  18,307  was  realised,  the  expen- 
diture having  been  somewhat  reduced.  In  1894  the  farms 
were  let  for  Rs.  19,000  per  annum,  or  Rs.  57,000  for  three 
years.  The  following  is  an  estimate  of  the  income  and 
expenditure  for  the  period  : — 


Income . 

RS.  A.  p. 
Rent  of  farms.  57,000  0 0 

Private  land  ..  14,850  0 0 

Added  land  (2§ 

years)  ..  5,312  0 0 


Total  . 77,162  0 0 


Expenditure. 

R8.  A.  P. 

Maintenance, 

rent,  &c.  . . 30,630  0 0 

Profit  ..  ..  46,532  0 0 


Total  ..77,162  0 0 


“ The  estimated  profit  for  the  period  is  thus  seen  to 
amount  to  Rs.  46,532. 

“ The  conclusions  drawn  by  Dr.  Cook  from  the  evidence 
adduced  are  as  follow  : — 

“ 1.  Barren  land  can  be  acquired  at  a moderate  cost  in 
the  vicinity  of  most  Indian  towns. 

' “ 2.  J7o  matter  how  barren  the  land  is,  if  it  is  permoable, 
it  can  be  utilized  for  the  formation  of  sewage  farms. 
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“3.  Sewage  farms  in  India  can  be  laid  out  at  small  cost, 
a maistry  with  a gang  of  coolies  being  able  to  do  the  grading 
of_the  beds  and  make  the  bunds  and  channels. 

“ 4.  Owing  to  growth  being  continuous,  more  crops  can 
be  raised  in  India  than  in  Europe,  and  sewage  can  be  more 
satisfactorily  disposed  of  in  very  large  quantities  throughout 
the  year. 

“5.  Owing  to  the  temperature  of  the  soil  being  particu- 
larly favourable  to  nitrification  and  growth  in  the  presence  of 
sufficient  water,  the  crops  are  very  heavy. 

“6.  Owing  to  the  scarcity  of  good  forage  during  a great 
part  of  the  year,  there  is  usually  a good  market  for  grass 
and  hay. 

“7.  Owing  to  the  exclusion  of  diseased  cattle  from  the 
farms,  tho  grass  is  not  liable  to  infection  with  disease  germs. 
The  hay  compares  favourably  as  a food  stuff  with  forage  from 
other  sources. 

“8.  Sewage  farming  can  be  carried  on  in  the  proximity 
of  houses  without  affecting  the  health  of  the  residents,  though 
it  is  better  to  locate  the  farms  at  a distance  from  a town,  as 
there  may  be  some  nuisance  from  the  sewage  wells  and  main 
earners  owing  to  the  decomposition  of  the  sewage  before  it 
roaches  the  farms. 

“9.  Owing  to  the  porosity  of  the  ground  and  the  enor- 
mous volumes  of  water  given  off  by  evaporation  and  trans- 
piration, under-draining  is  not  generally  necessary,  though  it 
may  be  in  particular  cases. 

“10.  Sewage,  after  passing  through  the  ground,  is  suffi- 
ciently purified  to  be  admitted  in  a river,  or  to -join  the 
subsoil  water  without  causing  pollution. 

“11.  The  native  cultivator  is  quite  capable  of  laying 
out  farms  and  carrying  oh  sewage  cultivation  without  close 
European  supervision . lie  is  an  adept  at  irrigation  processes, 
having  inherited  his  aptitude  and  familiarized  himself  with 
the  methods  almost  from  the  time  of  his  birth. 

“12.  The  system  is  suitable  to  parts  of  India  where  the 
ground  is  pormoable  and  the  rainfall  is  not  excessive.  It  can 
be  carried  on  profitably  even  where  the  flatness  of  the  land 
necessitates  the  use  of  pumps,  and  should  yield  a much  higher 
profit  where  the  natural  slope  of  the  bind'  permits  them  to  be 
dispensed  with.”  * 

The  following  table  is  based  on  information  furnished  by 
Dr.  Cook  : — 


* The  full  repoi't  may  be  .found  in  the  Indian  Medical  Record  of  16th 
April  1895. 
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•mnauB 

J0d  p9Aia03Jt  JBja9}J 

•Ott‘U  Bd 

•rantjuB 

J9d  sdoao  jo  onjBA  jbu  joy 

OOS‘03  'SH  inoqy 

■umaire  jod  ojob  ouo 
raojj  jno  jq3i9Av  oSvxosy 

•suoj  f qz 

•rauuuB  aod 

pajooj[oo  ssBi§  jo 

■ssbj3  uaaj3  jo  suoj  gfiS'l  P10C1Y 

•UIllUUB 

Jad  sSaiqjno  jo  .laqiutijj 

•sSuijjno  $ i juoqy 

■SuijjnoajojoquoijuoiiddB 
■uou  jo  8Aap  jo  aaqtuax 

•qoaM.  ouq 

•paqddB  si  aSanas 
siap  jo  jaqmmi  eSnxsxy 

10  days 
each 
crop. 

three 

times 

each 

crop. 

five  times 
each 
crop. 

•dojo  jo  oanja^j 

•ssuj3  ijbijxbjj 

Acres  per  1,000 
persons 

At  25 
gallons 
per 
head. 

eo 

VO  © 1/5 

OWN 

At  15 
gallons 
per 
head. 

Ol  co 

CO  ip  ^ 

O r-»  »H 

'9job  aad  pajaAqap  suoqBg 

47,170 

12,500 

10,000 

34,773 

Number  of  per- 
sons contributing 
sewage. 

At  25 
gallons 
per 
head. 

100,000 

8,000 

1,600 

20,400 

At  15 
gallons 
per 
head. 

166,666 

13,333 

| 2,666 
| 34,000 

•suohbS  ui  iijBp  pajaA 
-ijap  oSbm98  jo  jnnomy 

2.500.000 

200.000 

20,000 

10,000 

10,000 

500,000 

10,000 

•aSB9J0y 

CO  LO  ^ ^ 

lO  rH  rH 

Name  of  farm. 

Black  Town  * 

D’ Mellow’s  Road.  ^ 
Angalamman  > 

Covil  Street.  ) 

Pndnpet  ...  ^ 

Egmore  ...  £ 

Dam’s  Road.  ...  j 
Kistnampet.  ...  1 
Royapett  ...  J 

8 8 


Black  Town  Farm  ...  ...  ...  ...  ...  ...  17  acres. 

Private  Land  ...  ...  ...  ...  ...  ...  ...  l^i  » 

Robinson  Park l®i  » 
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Amount  of  sewage,  possible  of  disposal  on  any 
area,  limited. — 'Some  of  the  conclusions  drawn  by  Dr.  Cook 
are  such  as  are  confirmed  by  the  author’s  experience  with 
these  very  farms,  a large  area  of  which  he  designed  and 
formed.  But  there  are  others  to  which  exception  must  be 
taken;  for  instance,  the  statement  made  at  the  beginning  of 
the  report  that  an  unlimited  amount  of  sewage  can  be  dis- 
posed of,  (unless  Dr.  Cook  means  that  an  unlimited  amount 
of  land  is  available),  and  if  so,  then  the  statement  merely 
amounts  to  this,  that  a proper  quantity  should  be  applied  to 
the  available  area.  To  apply  more  sewage  than  the  land  can 
properly  purify  year  after  year  must  end  in  entire  cessation 
of  nitrification  and  the  whole  of  the  land  being  made  unsuit- 
able for  sewage  farming.  Besides  this  the  fact  that  land  is 
cheap  and  sewmge  farming  productive  shows  that  it  is  the 
most  remunerative  plan  to  limit  the  amount  of  sewage  to 
what  will  produce  good  crops,  and  that  in  .India  it  is  not,  as 
it  is  in  England,  advisable  or  desirable  to  limit  the  area  and 
put  on  it  as  much  sewage  as  the  land  can  possibly  take. 

Under-draining. — Nor  can  the  statement  be  accepted 
that  under-draining  in  India  is  unnecessary.  Where  there  aro 
soils  of  porous  sand,  so  porous  that  the  sewage  finds  a ready 
outlet  to  the  sea,  it  is  possible-  that  large  amounts  of  sewage 
can  be  poured  onto  the  land  without  under-draining  being 
necessary,  and  this  probably  is  the  case  with  the  Black  Town 
farm  ; but  where  the  soil  is  less  porous  and  there  is  no  under- 
draining, as  is  usually  the  case  with  farms  on  the  broad  irri- 
gation principle  on  which  in  England  the  sewage  of  about 
200  persons,  4,000  to  6,000  gallons  (or  as  advised  for  India 
a maximum  of  400  persons  at  15  to  20  gallons  daily  — 
6,000  to  8,000  gallons)  is  disposed  of  daily,  these  amounts 
cannot  be  exceeded  with  safety  with  a continued  use  of  the 
farm.  Where  land  is  some  distance  from  inhabited  areas  on 
which  the  people  draw  their  water  from  the  subsoil,  sewage 
irrigation  on  the  broad  principle  may  be  carried  out  in  a 
manner  similar  to  ordinary  irrigation  as  practised  in  this 
country,  but  an  unlimited  amount  of  sewage  can  never  be 
disposed  of  in  any  case  ; where  sewage  farms  adjoin  inhab- 
ited areas,  under-drainage  is  almost  an  absolute  necessity. 

Admission  of  sewage  to  rivers  and  streams. — 

Nor  can  sewage  from  a sewage  farm  be  generally  admitted 
to  a river  without  causing  some  pollution.  It  may  bo  so 
thoroughly  purified  that  the  pollution  is  small  in  amount, 
the  river  may  bo  of  large  volume  and  considerable  velocity, 
and  self-purification  of  the  river  may  take  place  with  con- 
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Biddable  speed,  but  unless  all  these  conditions  are  present, 
pollution  must  occur;  whether  it  will  always  be  such  as  to 
ha\e  a marked  effect  on  public  health  is  another  matter. 

Leasing  or  letting  farms  inadvisable. — Notwith- 
standing Madras  experience  as  to  letting  farms  on  contract,  it 
is,  as  already  stated,  not  a satisfactory  measure.  There  is  no 
guarantee  that  -all  the  sewage  is  used  especially  if  it  can  bo 
diverted  to  an  outlet  without  passing  over  the  farm  and  any 
statements  as  to  the  quantity  a contractor  is  6nid  to  use  must 
be  accepted  with  caution.  Financial  success  again  is  no 
measure  of  the  success  of  a sewage  farm  from  a sanitarian’s 
point  of  view  ; in  tact  very  often  it  may  be  the  reverso. 

Madras,  however,  is  the  town  in  India,  where  the  largest 
sowago  farming  operations  have  been  undertaken  ; the  con- 
ditions under  which  it  is  carried  out,  some  of  which  are 
good  and  some  bad,  afford,  if  the  latter  be  avoided,  a practical 
guide  for  operations  in  other  places  and  show  at  least,  to  some 
extent,  what  expenditure  and  results  may  be  anticipated. 


Crops. — The  most  suitable  crops  for  sewage  farming  in 
India  are  harriali  grass  and  paddy,  because  in  regard  to  tlieso 
there  is  no  difficulty  either  in  cultivation  or  sale.  In  Madras 
hairiali  grass  is  grown  year  after  year  and  the  yield  is  re- 
markably constant.  But  it  is  preferable  to  change  the  crops 
and  an  alternation  of  harriali  grass  and  paddy  might  be  bene- 
ficial. Other  crops,  such  as  turnips,  carrots  and  onions,  grow 
freely  with  sewage,  so  does  sugar-cane.  Near  a town  such 
crops  as  the  latter  are  apt  to  be  stolen  and  hence  the  recom- 
mendation of  paddy  and  harriali  grass.  Casuarina  trees 
and  palm  trees  flourish  well  with  sewage  , but  if  sewage  can 
be  applied  for  only  a specific  and  limited  period,  after  6ewago 
irrigation  ceases,  they  do  not  flourish  satisfactorily. 

Farms  should  be  in  the  hands  of  the  Local 
Authority. — There  is  a fact,  which  must  always  be  re- 
membered, viz.,  that  the  reason  for  a sewage  farm  is  not  the 
growing  of  crops  but  the  disposal  of  sewage.  For  this  reason 
alone  the  author  considers  it  desirable  that  the  land  should 
be  in  the  hands  of  the  local  authority  instead  of  being  let  out, 
for,  undoubtedly  the  first  thought  of  any  occupant  will  be 
how  best  to  make  the  farm  pay,  net  how  perfectly  to  dispose 
of  the  sewage.  When  a farm  is  let  out  there  is  little 
guarantee  that  no  sewage  will  be  passed  to  the  outlet  without 
previous  filtration ; during  rainfall  especially  will  there  be 
every  inducement  to  do  so. 
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Sale  of  sewage. — Where,  however,  a sewage  channel, 
drain  or  sewer  passes  through  or  near  cultivable  land,  there 
is  no  objection  to  issue  sewage  on  payment  for  a definite 
quantity.  This  should  not  be  so  much  per  acre  of  land  irri- 
gated, or  sewage  will  be  wasted  and  the  land  get  water- logged ; 
if  sewage  is  charged  for  at  so  much  per  cubic  yard,  it  is  more 
likely  to  be  used  to  the  best  advantage.  Sewage  farming  of 
this  description  ought  to  be  encouraged  as  far  as  possible  and 
the  ryots,  near  a town  having  sewage  to  dispose  of,  ought  to 
be  induced  to  apply  it  to  their  lands.  There  may,  at  first,  be 
objection,  but  when  a ryot  finds  out  that  he  can  obtain  an 
unfailing  supply  for  irrigation  during  all  seasons  of  the  year, 
his  prejudices  are  very  likely  to  vanish.  He  may  not  at 
first  care  to  irrigate  his  rice  fields,  but  if  he  wall  grow  lucerne, 
guinea  or  other  grass  for  his  cattle,  thence  the  transition  is 
easy. 

Sewage  farming  in  India  profitable. — No  land  is 
too  poor  for  sewage  farming;  in  Madras,  as  has  been  stated, 
grass  now  grows  luxuriantly  on  lands  which  were  sandy 
wastes  impregnated  with  salt.  Sewage  farming  in  England  is 
not,  as  a rule,  productive;  notwithstanding  the  primary  pur- 
pose of  a sewage  farm,  there  is  no  doubt  that  sewage  farming 
in  India  will  pay.  It  is  not  correct  (as  l)r.  Cook  has  done) 
to  include  in  the  farm  accounts,  as  a portion  of  the  expenditure 
on  the  farm,  the  whole  expenses  due  to  pumping  and  repairs  to 
machinery ; that  expense  would  have  to  be  met  in  any  case 
in  carrying  the  sewage  to  some  outfall ; if  the  sewage  would 
in  any  case  have  to  be  lifted,  then  no  pumping  charges  or 
only  any  excess  actually  due  to  the  farms  should  be  placed 
against  the  farm  revenue.  The  purchase  of  the  land,  the 
cost  of  preparing  the  area,  the  daily  labour  and  expenses  on 
the  farm  for  distribution,  cultivation,  harvesting,  &c.,  are 
fair  charges  which  must  be  met ; the  revenue  from  very  few 
farms  formed  in  India  should  fail  to  exceed  the  amount  of 
such  expenditure  and  show  a fair  profit. 

Sanitary  aspects  of  sewage  farming.— The  sup- 
posed evils  are  the  pollution  of  the  subsoil  water,  of  rivers, 
the  atmosphere  and  the  crops  themselves.  It  may  be  said 
that,  provided  the  area  of  land  is  sufficient  and  properly  laid 
out,  no  nuisance  need  arise.  The  results  of  sanitary  inquiry 
show  that  sewage  farming  is  not  detrimental  to  life  or  health. 
Dr.  Alfred  Carpenter,  who  devoted  considerable  time  and 
attention  to  the  question,  at  a meeting  of  the  British  Medical 
Association  in  1888,  submitted  the  following  proposition - * 
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“1.  That  the  application  of  the  sewage  of  a water-closet 
town  to  land  in  close  proximity  to  dwelling  houses  is  not 
injurious  to  the  health  of  the  inhabitants  of  those  houses 
provided  the  sewage  be  fresh  ; that  it  be  applied  in  an  inter- 
mittent manner,  and  the  effluent  be  capable  of  rapid  removal 
from  the  irrigated  fields. 

“ 2.  The  judicious  application  of  sewage  to  soil  of  almost 
any  kind,  if  it  bo  mainly  inorganic,  will  satisfactorily  cleanso 
the  effluent  water  and  fit  it  for  discharge  into  any  ordinary 
stream,  provided  the  area  treated  is  not  less  than  an  aero  for 
each  250  persons. 

“3.  That  vegetable  products  growm  upon  fields  irrigated 
by  sewage  are  satisfactory  and  safe  as  articles  of  food  for  both 
animals  and  man. 

“ 4.  That  sewage  farms,  if  properly  managed,  do  not  set 
up  either  parasitic  or  epidemic  disease  among  those  working 
on  the  farm  or  among  the  cattle  fed  upon  its  produce. 

“ 5.  That  this  immunity  exists,  because  the  conditions 
necessary  for  the  propagation  and  continuance  of  those  diseaso 
germs  which  affect  man  and  animals  are  absent ; the  microbio 
life  on  sewage  farms  being  antagonistic  to  the  life  of  disease 
germs,  the  latter,  therefore,  soon  cease  as  such  to  exist. 

“6.  That  sewage  farms  may  be  carried  on  in  perfect  safety 
closo  to.  populations.  It  is  not,  however,  argued  that  the 
effluent  w'ater  is  safe  to  use  for  dietetic  purposes. 

“ 7.  That  there  is  an  aspect  in  sewage  farming,  which 
shows  that  it  is  a wise  policy  for  the  nation  to  encourage  that 
form  of  utilization  from  a political  economy  point  of  view. 

“ 8.  That  to  be  financially  successful  such  farms  require 
that  the  rainfall  be  separated  from  tho  sewage  ; the  area 
large  enough  for  alternate  cropping  and  tho  capital  em- 
ployed sufficient  to  ensure  a continuous  and  rapid  consump- 
tion of  the  crops  produced. 

“9.  That,  if  practicable,  sewage  utilization  by  surface 
irrigation  should  be,  for  financial  reasons,  within  the  aroa 
of  its  own  water- shed  and  close  to  the  populations  producing 
the  sewage ; but  it  is  not  a necessity  that  it  should  be  so, 
provided  it  be  applied  to  the  land  within  a few  hours— not 
more  than  twelve—  of  its  discharge,  and  that  there  is  no  arrest 
of  movement  for  more  than  very  short,  periods  before  it  is  so 
utilized.  ” 

The  effect  upon  health  of  sewage  farming  was  dealt  with 
very  fully  by  Dr.  Carpenter,  his  remarks  closing  with  this 

sentence — 
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“I  need  not  follow  this  head  any  further,  except  to  re- 
mark that,  in  February  1887,  I submitted  a report  upon  the 
subject  to  the  Society  of  Arts  in  London,  in  which  1 conclu- 
sively proved  that  in  no  single  instance,  out  of  nearly  1 0 ) 
cases  in  which  sewage  has  been  utilized  by  broad  irrigation, 
had  any  fact  been  proved  to  establish  the  allegations  of 
‘ insanitariness  ’ which  are  sometimes  raised  against  them.  ” 


Sewage  from  isolated  dwellings  may  be  disposed  of 
by  under-irrigation,  that  is  by  distributing  the  sewage  through 
perforated  pipes  laid  12  inches  to  18  inches  below  the  surface  ; 
to  these  pipes  ventilation  should  be  given  here  and  there  ; or 
sewage  may  be  led  on  to  sewage  filters  such  as  have  been 
described  on  pages  480  and  491  ante. 


The  following  descriptions  of  the  drainage  works  of 
Calcutta,  Bombay  and  Madras  form  a fitting  appendix  lo 
the  foregoing  chapter  on  drainage.  The  description  of  the 
Calcutta  drainage  scheme  is  derived  from  a lecture  by  the 
late  Mr.  W.  Clark,  the  designer  of  the  scheme;  that  of  the 
Bombay  drainage  was  specially  written  at  the  author’s  request 
by  Mr.  Bienzi  "Walton,  lately  Engineer  to  the  Bombay 
Corporation  : — 


The  Dkainage  of  Calcutta. 


The  city  of  Calcutta  is  bounded  on  the  west  by  a tidal  river, 
the  Hooghly  ; on  its  north  and  east  by  the  Circular  G-  nal ; and 
on  the  south  by  Tolly’s  Nullah  ; it  is  only  on  a portion  of  its 
eastern  side  that  the  open  country  is  not  cut  off  by  some  navi- 
gable and  tidal  stream. 


The  surface  of  Calcutta  has  an  inclination  of  nearly  3 feet 
per  mile  from  the  river  towards  the  east. 

The  highest  water  in  the  canal  is  about  4 to  5 feet  lower 
than  that  in  the  river  ; thus  the  best  natural  outfall  for  storm 
w ater,  because  subject  to  the  least  tidal  obstruction,  is  towards 
the  east.  This  is  an  important  peculiarity  in  the  site  of 
Calcutta,  as  it  allows  of  a natural  or  gravitating  outfall  for  heavy 
storms,  though  the  nearly  flat  and  depressed  surface  necessi- 
tate s pumping,  or  an  artificial  outfall  for  the  sewage  at  all  other 
times,  and  during  the  dry  season. 

The  most  advantageous  arrangement,  therefore,  was  to  follow 
the  natural,  though  slight,  inclination  of  the  surface,  and  to  lav 
out  a system  with  its  general  inclination  towards  the  east  as  the 
surface  falls  ; and  this  has  been  done. 
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The  pian  9hews  five  large  sewers  extending  from  the  river 
through  the  towu  to  the  east,  aud  all  uniting  iu  the  Circular 
Road  at  the  end  of  Durrumtollah  Street. 

These  are  the  first-class  sewers ; their  inclination  is  from  2 
to  3 feet  per  mile,  and  about  tliat  of  the  surface  under  whi<  h 
they  are  laid.  This  small  inclination  has  a double  object; 
it  permits  the  escape  of  storm  water  into  the  river  whenever 
the  tide  will  permit,  and  it  enables  these  sewers  to  be  more  or 
less  Hushed,  if  necessary,  twice  uearly  every  day  in  the  year,  by 
admitting  the  water  from  the  river. 

This  is  occasionally  necessary,  because  the  small  fall  given  to 
them  barely  suffices  for  the  removal  of  the  heavy  sandy  solid 
matter,  which  is  washed  into  them  from  the  road  surface. 

Into  these  large  sewers,  the  second-class  sewers  are  dis- 
charged : the  general  arrangement  of  these  latter  is  to  divide 
the  surfa'-e  of  the  city  into  square  areas  by  placing  them  under 
the  leading  thoroughfares. 

They  have  a minimum  fall  of  6 feet  per  mile,  sufficient  to 
insure  their  self-cleansing  action,  when  receiving  the  storm 
water,  and  the  drainage  in  the  dry  season  from  private  dwel- 
lings, when  furnished  with  a sufficient  water-supply. 

Into  these  second-class  sewers  the  smaller  third-class  or  pipe 
sewers  discharge  ; they  are  laid  into  all  the  narrow  and  tortuous 
lanes  and  streets  of  the  city,  and  their  inclina'ion  is  from  1 in 
400  to  i in  100,  or  at  the  rate  of  from  13  to  50  feet  per  mile. 

The  total  length  of  the  sewers  entirely  completed  is  as 
follows : — 

First  class  . . . - . . . . 10J  miles. 

Second  class  . . . . . . . . 23  ,, 

'Third/  class  . * ••  ■ « *•  79  ,, 

The  office  of  the  sewers,  whose  general  arrangement  has 
been  described,  is  threefold  : — 

1 st. — To  remove  the  subsoil  water. 

2nd. — The  drainage  of  houses. 

3rd. — The  rain  water. 

The  first  of  these  was  by  no  means  the  least  important.  If 
a hole  be  dug  7 or  8 feet  deep,  in  almost  any  part  of  Cal- 
cutta, remote  from  one  of  the  sewers,  and  carefully  observed 
during  the  varying  seasons  of  the  year,  it  will  be  found  that 
the  surface  of  the  water,  which  will  immediately  collect  in  it, 
will  vary  from  a few  inches  below  the  surface  of  the  ground 
in  the  rainy  season,  to  a few  feet,  at  most  5 or  6 in  the  month 
of  May.  Such  trial  holes  will  show  only  a trifling  difference  in 
different  localities. 

It  is  this  subsoil  water  which  causes  damp  houses,  which 
by  its  evaporation  produces  a damp  atmosphere,  and  it  is  in 
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consequence  of  its  usually  greater  depth  from  the  surface  during 
the  hot  weather,  that  the  superior  healthiness  of  that  season  is 
attributable ; hence  the  deeper  the  sewer  the  greater  its  effi- 
ciency  for  this  purpose. 

Secondly. — The  gfewers  are  intended  to  remove  the  house 
drainage,  and  this  includes  all  the  filthy  water  from  the  cook- 
room  and  stables,  all  f cecal  matters,  bath-room  water,  &c.,  and 
is  in  quantity  usually  estimated  by  the  water-supply.  For 
this  purpose  and  for  the  removal  of  rain  water,  small  stone- 
ware pipes  are  laid  from  the  houses  to  sewers,  and  never  with  an 
inclination  less  than  1 in  120  : this  fall  is  found  to  be  sufficient, 
but  more  is  desirable,  and  obtainable  in  almost  every  case. 

The  third  office  of  the  Calcutta  sewers  is  to  remove  the  rain 
water  falling  on  the  surface,  and  their  capacity  for  discharge  is 
calculated  to  be  equal  to  quarter  inch  of  rain  per  hour.  '1  his  is 
an  enormous  quantity,  and  would,  if  collected,  be  represented  by 
a running  stream  40  feet  wide,  8 deep,  and  flowing  at  a velocity 
of  4 feet  per  second. 

Among  the  criticisms  which  have  been  passed  on  the  system, 
is  the  enormous  size  and  cost  of  the  sewers  to  convey  so  large  a 
quantity ; it  had,  however,  to  be  provided  for  in  some  way  or 
other  ; either  new  channels  must  have  been  formed,  or  the  abomin- 
able ditches  and  side  drains,  as  they  existed  for  many  years, 
must  have  been  allowed  to  remain  ; few  persons  would  have 
advocated  stagnant  receptacles  for  filth  a source  of  nuisance 
and  disease ; in  fact,  any  scheme  which  failed  to  render  them 
unnecessary  would  have  been  liable  to  the  charge  of  a want  of 
a completeness,  and  therefore  of  success.  As,  'however,  some 
provision  had  to  be  made  for  conveying  away  the  rain  water, 
the  question  resolved  itself  into  the  reconstruction  of  these 
ditches  and  surface  drains  for  this  especial  purpose,  or  the  com- 
bination of  the  entire  drainage  waters,  that  of  storms  with  the 
house  drainage  and  the  subsoil  water. 

The  result  of  a careful  inquir}'  as  to  the  cost  of  the  separate 
and  combined  plans  induced  the  adoption  of  the  latter  course  ; as, 
however,  there  are  many  advocates  for  surface  drains,  it  may 
be  considered  what  those  surface  drains  would  have  been  like. 
Granting  that  they  would  fall  into  the  river  at  one  end  and  the 
canal  at  the  other,'  it  would  be  inevitable  that  the  greater 
number  of  them  would  be  nearly  2 miles  long.  Now  to  carry 
away  the  storm  water  and  the  road  debris,  and  keep  themselves 
clean,  they  would  have  required  a fall  of  not  less  than  6 feet 
per  mile.  It  is  very  evident  then  that,  when  2 miles  long, 
they  would  have  been  about  10  to  12  feet  deep  at  the  lower 
end  ; and  if  only  1 mile  long,  5 or  6 feet  deep  : they  would,  in 
fact,  have  been  dangerous  chasms  occupying  a considerable 
portion  of  the  road  surface,  and  if  covered,  would  have  formed 
a second  system  of  sewers  for  storm  water. 

Suppose  their  fall  had  been  reduced  to  3 feet  per  mile, 
then  must  their  capacity  have  been  largely  increased,  and  they 
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would  have  occupied  most  inconveniently  a large  portion  of  the 
road  surface. 

Again,  it  will  be  seen  that  upwards  of  two-thirds  of  the 
entire  length  of  the  Calcutta  sewers  do  not  average  a larger  size 
than  a 12-inch  stoneware  pipe  ; few  people  will  be  found  to 
quarrel  with  this  as  being  too  large. 

The  whole  objection  then,  as  to  the  size  of  the  sewers,  is  com- 
prised within  one-third  of  their  total  length  ; but  this  must  be 
still  further  reduced,  because  with  the  disappearance  of  the  first- 
class  sewers  from  the  scheme,  a total  alteration  in  the  arrange- 
ment of  levels  would  be  necessary,  reducing  the  fall  of  the 
whole  or  involving  a greater  depth  at  the  pumps,  and  increased 
cost  of  pumping  : this  would  have  been  highly  objectionable. 
To  preserve  the  present  level  and  falls,  the  arrangement  had 
also  to  be  preserved  and  this  would  have  involved,  under  any 
circumstances,  the  construction  of  large  brick  sewers  in  the 
position  of  the  first  class,  having  the  same  fall  as  these  have, 
and  upwards  of  one-third  of  the  total  length  of  the  present 
brick  sewer  arrangement.  The  question  thus  became  still 
further  narrowed  to  the  point  whether  23  miles  of  deep  brick 
sewers  shall  be  constructed,  out  of  113  miles,  or  about  double 
that  length  as  a separate  rain  water  system  only  nearer  the 
surface  ? Any  one  will  see  that  the  plan  of  greatest  economy 
and  of  efficiency  also  has  been  adopted. 

Some  of  the  details  connected  with  the  sewers  in  the  town 
may  now  be  mentioned.  In  order  to  inspect  their  operation, 
to  detect  and  remove  obstructions,  should  they  occur,  Side 
Entrances  to  the  brick  sewers  are  provided  about  every  1,000 
feet  and  near  to  junctions.  Besides  this  mode  of  inspection  all 
the  sewers,  whether  of  brickwork  or  stoneware  pipes,  can  be 
opened  from  the  surface  at  man-holes  situated  not  more  than 
200  feet  apart,  and  covered  with  a cast-iron  cover  ; these  man- 
holes admit  of  cleansing  operations,  should  such  be  necessary, 
without  breaking  up  the  road.  Thus  every  part  of  the  system 
is  capable  of  being  examined  and  cleaned. 

The  sewers  are  also  provided  with  ventilating  grids  ; these 
are  fixed  in  the  centre  of  the  roads  ; their  office  is  to  allow  the 
escape  of  the  air  from  the  sewer,  on  the  occasion  of  any  sudden 
rush  of  water  into  it,  which  would  of  course  displace  a quantity 
of  air  equal  to  itself  in  bulk  and  so  prevent  the  passage  of  air 
into  the  house  drains.  As  a further  precaution  against  this 
latter  contingency,  some  few  iron  pipes  have  been  fixed  in  places 
considered  unobjectionable,  by  which  an  interchange  of  the 
sewer  and  the  external  air  can  gradually  take  place,  and  the 
diffusion  of  the  former  be  effected.  When  the  whole  system  of 
sewers  is  fairly  iu  operation,  and  made  to  convey  away  fresh 
filth,  the  general  adoption  of  this  plan  is  productive  of  no  nui- 
sance whatever,  and  the  most  abundant  ventilation  possible  has 
been  obtained  as  the  result. 
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Gullies. — These  are  pits  situated  for  the  most  part  just 
outside  the  kerb  stones  of  the  foot-path.  They  are  from  6 to 
8 feet  deep  for  the  purpose  of  receiving  the  storm  water,  as  it 
flows  from  the  street  surfaces,  'through  the  iron  grids  which 
cover  them  ; an  overflow  pip©  is  connected  with  the  sewer  from 
near  the  top  of  the  gully,  and  the  heavy  particles  of  road  grit  ai  e 
thus  arrested.  This  deposit  is  excavated  from  time  to  time  ; 
notwithstanding  this,  however,  some  hundreds  of  tons  of  road 
grit  finds  its  way  to  the  puuips  on  the  occurrence  of  every 
shower. 

House  Drains. — Every  inlet  to  these  is  guarded  by  a grating, 
and  a pit  or  trap  acting  on  the  syphon  principle,  so  as  to  admit 
filthy  fluid  to  pass  inwards,  but  prevent  the  escape  of  the  ab- 
out wards. 

Many  persons  look  upon  these  arrangements  with  suspicion, 
as  a means  of  conducting  impure  air  into  the  houses  from  the 
sewers.  To  prevent  this,  however,  the  house  drains  are  furnished 
with  an  especial  trap,  near  the  inlet  to  the  sewer,  which 
effectually  prevents  it. 

The  system  of  sewers  has  been  now  generally  described  within 
the  town ; and  it  remains  to  describe  the  outfall  works  from  the 
point  of  junction  between  the  Circular  Road  and  the  Durrum- 
tollah  main  sewers.  At  the  end  of  the  latter  street,  the  three 
are  all  united  in  one  called  the  ‘ canal  outfall  sewer,’  as  it 
occupies  the  position  of  what  was  formerly  the  Entally  branch 
canal ; this  canal  terminated  in  what  was  generally  known  as 
the  cess-pool  of  Calcutta — an  accumulation  of  filth  happily  no 
longer  existing — not  far  from  the  Circular  Road. 

This  Canal  outfall  is  a formidable  work  ; it  is  3,284  feet 
long.  Its  construction  became  necessary  in  consequence  of  an 
order  of  the  Bengal  Government,  which  fixed  the  neighbourhood 
of  Palmer’s  Bridge  as  the  limit,  within  which  the  pumping 
station  would  not  be  permitted  ; moreover,  the  portion  of  the 
drainage  works  then  constructed  was  not  allowed  to  be  used 
until  this  large  sewer  and  the  whole  of  the  outfall  works  were 
completed.  This  was  in  May  1861,  and  undoubtedly  consider- 
able delay  in  testing  the  efficiency  of  the  scheme  by  actual  use 
was  thereby  incurred  ; and  also  a large  additional  expenditure 
of  money,  on  works  which  up  to  that  time,  were  considered 
experimental  only. 

This  canal  outfall  sewer  has  a fall  of  2 feet  per  mile,  and 
at  its  lowest  level  is  15  feet  below  the  average  level  of  spring 
tides  during  the  rainy  season. 

Silt  Pits  and  Pumping  Station. — At  its  eastern  end,  the 
canal  outfall  sewer  bifurcates,  each  of  its  continuations  is  pro- 
tected by  a gate ; and  either  or  both  of  them  can  be  used  as 
occasion  requires.  Just  within  the  gate,  the  invert  has  a sudden 
drop  of  3 feet,  and  then  falls  to  a further  depth  of  8 feet ; 
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thus  two  large  receptacles,  150  feet  long,  are  formed  with  a slop- 
ing bottom  to  the  eastern  end,  and  each  becomes  a pit  in  which 
silty  and  solid  matter  is  arrested.  This  provision  was  made  in 
conformity  with  the  orders  of  Government,  and  to  prevent  the 
silt,  as  far  as  practicable,  from  being  washed  into  the  canal  on 
the  occasion  of  storms. 

The  eastern  ends  of  the  Silt  pits,  as  this  arrangement  is 
called,  are  protected  by  another  pair  of  gates  like  those  before 
alluded  to,  but  taller  to  shut  out  the  canal  water  ; they  can  be 
lifted  by  suitable  gearing  from  above.  The  intention  was,  if 
need  be,  to  allow  barges  to  enter  from  the  canal  to  take  away 
the  silt ; this,  however,  has  been  unnecessary,  and  the  gates  are 
only  used  during  the  time  of  heavy  storms,  when  the  engines  are 
overpowered  by  the  quantity  of  water  coming  down  from  the 
town ; they  are  then  lifted  and  the  storm  water  escapes  into  the 
canal.  Under  the  gate  platform  a culvert  is  constructed,  leading 
to  a well,  from  which  also  the  suction  pipes  are  laid  ; by  this 
arrangement  either  pump  can  work  either  pit. 

The  pumps  and  ongines  are  combined,  the  former  on  the 
centrifugal  principle.  All  the  parts  of  the  engines  and  pumps 
are  secured  to  a large  vertical  tank,  at  the  bottom  of  which 
the  centrifugal  disc  works.  The  action  is  this : the  disc  re- 
ceives the  fluid  at  this  centre,  and  revolving  with  great  rapidity, 
throws  it  out  at  the  periphery,  with  a force,  which  causes  it 
to  rise  within  the  tank,  to  such  a level  as  to  overflow  into  the 
high  level  sewer,  which  conveys  it  from  the  pumping  station  to 
the  Salt  Water  Lake.  As  it -escapes' from  the  pumps  it  passes 
through  a surface  condenser  connected  with  the  engines,  and 
by  this  means  the  condensation  of  the  steam,  which  works  the 
engine,  is  effected.  . . 

The  large  quantity  of  silty  matter  conveyed  by  the  sewers 
to  pumping  station,  rendered  some  especial  provision  for  its 
disposal  necessary ; this  is  effected  by  the  Silt  agitator.  The 
apparatus  consists  of  a series  of  pipes  laid  along  the  invert  of 
the  silt  pits,  and  to  every  part  of  the  arrangement  where  silt  is 
likely  to  occur.  These  pipes  are  furnished  with  nipples.  They 
are  connected  with  a pair  of  air-blowing  cylinders,  and  a pump 
worked  by  a small  auxiliary  engine ; by  these  means  air  or 
water  can  be  forced  through  the  pipes,  which  escaping  at  the 
nipples  puts  all  the  silt  and  fluid  around  them  in  a state  of 
ebullition  and  mixes  them  up  in  a state  to  be  pumped. 

The  surface  condensers  are  also  kept  clear  of  deposit  in  the 
same  way.  The  chambers  over  the  pits  are  now  generally  kept 
closed,  and  are  ventilated  by  a flue,  which  conveys  the  air  from 
the  pits  to  the  boiler  furnace,  through  which  it  passes  to  the 
tall  engine  chimney. 

The  high  level  sewer  is  8,284  feet  long,  and  is  capable  of 
conveying  about  two  million  gallons  per  hour  ; its  fall  is  4 
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feet  per  mile  ; it  terminates  in  an  open  excavation  through  the 
square  mile  of  area  reclaimed  from  the  Salt  Water  Lake, 
which  is  8,900  feet  long;  and  at  its  eastern  extremity,  distant 
3£  miles  from  the  Circular  Road,  this  open  channel  communi- 
cates with  a natural  stream. 

An  enormous  quantity  of  silt  accumulated  in  this  open 
channel  during  two  years,  and  by  far  the  greater  part  during 
one  rainy  season.  A careful  measurement  showed  it  to  be  no 
less  a quantity  than  1,400,000  cubic  feet  which  had  passed 
through  the  pumps,  and  necessitated  the  re-excavation  of  the 
channel.  It  chiefly  consisted  of  the  debris  from  the  road  surface 
of  Calcutta,  mixed  with  feculent  matter  ; this  large  accumu- 
lation proves  the  power  of  the  streams  running  in  the  sewers 
to  transport  it  and  to  keep  them  clean  ; they  have  done  so  to 
the  present  time  in  a most  satisfactory  manner  : the  result  is 
precisely  that  which  was  intended. 

Some  sanitarians  still  look  with  doubt  on  this  means  of  dis- 
posal, and  are  apprehensive  that  the  large  quantity  of  sewage 
so  voided  into  the  locality,  called  the  Salt  Water  Lake,  will  be 
productive  of  evil  consequences.  This  mixing  of  the  sewage 
with  the  natural  stream  is,  however,  absolutely  unnecessary, 
and  may  be  avoided,  by  its  utilization  on  the  reclaimed  area, 
which  was  taken  up  for  this  especial  purpose  ; this  area  may  be 
extended  as  necessity  requires  hereafter ; as  the  28  square  miles 
of  the  swamp,  called  the  Salt  Water  Lake,  is  more  than  sufficient 
for  the  purpose. 

Notes  on  the  Sewerage  of  Bombay. 

The  population,  according  to  the  census  of  1881,  is  773,196. 
The  sewers  have  been  designed  for  a population  of  one  million. 

The  ai'ea  is  22^  square  miles. 

The  average  annual  rainfall  for  the  past  60  years  is  78  inches 
and  the  rains  occur  only  in  June,  July,  August  and  September 
(four  months).  Drains  of  sufficient  capacity  to  carry  both  storm 
water  and  sewage  would  be  inefficient  during  the  dry  season, 
which  extends  over  two-thirds  of  the  year.  The  segregated 
system  has,  therefore,  been  adopted.  Drains  of  large  capacity 
carry  storm  water  only,  and  sewers  of  smaller  capacity  carry 
sewage  only. 

The  water-supply  is  obtained  from  two  artificial  lakes— the 
Vehar  Lake,  15  miles  from  Bombay,  and  the  Tulsi  Lake,  18 
miles  from  Bombay. 

The  average  daily  water-supply  is  19  gallons  per  head. 

Masonry  sewers  are  constructed  along  the  valley  lines  of  the 
district.  They  are  ovoid  in  shape  of  the  following  propor- 
tions : — 
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Internal  transverse  diameter  at  the  springing  ol  cover 
ing  arch  = T. 

3 T 

Internal  height  = 


Radius  of  invert= 


4 T 

Radius  of  internal  perimeter  of  walls  or  sides  = — - 


Radius  of  soffit  of  covering  arch  = — 


The  inverts  are  of  beton  or  cast  blocks  of  concrete  from  7 
inches  to  9 inches  thick  in  the  thinnest  part  and  about  18  inches 
long.  The  b6ton  is  composed  of  Portland  cement  3,  sand  4, 
clean  river  shingle  4,  and  broken  stone  4. 

The  sides  or  walls  are  of  concrete  deposited  in  situ  from  9 
inches  to  14  inches  thick.  The  concrete  is  composed  of  Port- 
land cement  2.  lime  3,  sand  6,  clean  river  shingle  6,  and  broken 
stone  6. 

The  covering  arches  are  of  brickwork  from  9 inches  to  14 
inches  thick.  The  mortar  (hydraulic)  is  composed  of  lime  4, 
ground  pumice  1,  and  sand  4. 

The  internal  transverse  diameters  of  the  sewers  are  vari- 
ously 30  inches,  32  inches,  40  inches,  46  inches,  56  inches,  and 
64  inches. 

The  gradients  vary  from  1 in  1,000  to  1 in  2.200,  and  are 
designed  to  procure  a velocity  of  from  2£  feet  to  3 feet  per 
second  when  the  sewers  are  running  two-thirds  full,  that  is, 
filled  to  the  springing  line  of  the  covering  arch. 

At  a distance  of  2,000  feet  from  the  outfall,  the  sewage  is 
pumped  by  steam  power  through  a vertical  rise  of  26  feet  and 
discharged  by  gravitation  from  the  pumping  station  to  the  sea 
at  a secluded  spot  on  the  shore  where  the  currents  are  favour- 
able to  the  transportation  of  the  sewage. 

From  the  pumping  station  to  the  outfall  well  on  the  sea 
shore  the  sewer  is  of  masonry  double  cylindrical  in  shape,  each 
cylinder  being  42  inches  in  diameter. 

From  the  outfall  well  the  sewage  is  discharged  into  a double 
line  of  36  inches  cast-iron  pipes  S70  feet  long,  the  end  being 
6 feet  below  low-water  level  at  spring  tides. 

On  the  masonry  sewers  a man-hole  is  provided  at  the  junc- 
tion of  every  tributary  pipe  sewer,  and  where  such  pipe  sewers 
are  more  than  200  feet  apart,  intermediate  man-holes  are'intro- 
duced,  so  that  no  two  man-holes  may  be  more  than  200  feet 
apart. 

Each  man-hole  is  provided  with  a groove  sunk  in  the  invert 
and  walls  of  the  sewer,  to  receive  a wooden  flushing  door.  The 
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doors  are  made  in  vertically  divided  leaves  and  are  collapsible. 
The  doors  dam  back  the  sewage,  and  whatever  water  may  be. 
added,  and  on  being  caused  to  collapse  are  suddenly  withdrawn 
and  a flush  is  obtained. 

At  four  points  which  conveniently  presented  themselves,  a 
communication  has  been  made  with  the  sea  and  sea  water  is 
admitted  at  pleasure  for  flushing  purposes. 

Ventilation  is  obtained  by  rectangular  tubing  14  inches  X 
4 inches,  laid  from  the  man-holes  where- convenient,  and  carried 
up  the  sides  of  houses  to  about  5 feet  above  the  roof.  The 
tubing  is  of  either  cast-iron  or  masonry  underground  ; the  first 
length  above  ground  is  of  cast-iron,  and  the  upper  part  of  zinc. 
The  tubing  is  divided  into  two  equal  parts  by  a diaphragm  or 
partition. 

The  tributary  pipe  sewers  are  circular  and  of  glazed  stone- 
ware. They  are  9 inches,  12  inches,  15  inches  and  18  inches  in 
internal  diameter  ; the  last  two  sizes  are  rare. 

The  joints  are  made  by  forcing  tarred  gasket  into  the  sockets 
around  the  spigots  and  filling  up  with  neat  Portland  cement 
finished  off  with  a small  splay  around  the  rim  of  the  socket 

The  minimum  depth  of  a pipe  sewer  is  3 feet  between  the 
surface  of  the  ground  and  the  top  of  the  pipe. 

The  gradients  are  as  steep  as  is  practicable  and  convenient, 
but  the  flattest  gradients  are  such  as  will  give  a velocity  of  3 
feet  per  second  when  the  pipe  is  either  full  or  half  full. 

Circular  man-holes  5 feet  in  internal  diameter  at  the  bottom 
and  constructed  of  brickwork  are  provided  at  every  deviation 
from  a straight  line  and  wherever  another  pipe  sewer  joins. 
All  pipe  sewTers  are  laid  in  perfectly  straight  lines. 

At  the  head  or  highest  part  of  a pipe  sewer  there  is  always 
either  a man-hole  or  a lamp-hole. 

Intermediate  m&n -holes  and  lamp-holes  are  introduced,  so 
that  no  two  man-holes  or  a man-hole  and  a lamp-hole  are  more 
than  200  feet  apart. 

No  two  lamp-holes  ever  follow  in  direct  succession  ; there  is 
always  one  man  hole  or  more  between  any  two  lamp-holes. 

Circular  man-holes  more  than  5 feet  6 inches  in  depth  are 
conical  in  form  ; if  5 feet  6 inches  or  less  in  depth  they  are 
domical. 

The  floors  of  the  man-holes  are  formed  of  Portland  cement 
concrete  with  half  round  channels  corresponding  in  size  with  the 
diameter  of  the  pipes. 

Any  man -hole  can  be  filled  with  sewage  and  water  by  stop- 
ping the  socket  of  the  outlet  pipe  with  a padded  wooden  disc  ; to 
the  disc  an  iron  strut  bar  with  a rule-joint  is  attached  : this  can 
be  acted  upon  by  a chain  and  if  suddenly  pulled  up  when  the 
man-hole  is  full  a flush  is  produced. 
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Cleansing  instruments,  such  as  spades,  holes,  hooks  and  balls 
attached  to  interlocking  bars,  are  used  in  pipe  seweis  when 
occasion  requires. 

Lamp-holes  consist  of  9-inch  stoneware  pipes  placed  ver- 
tically covered  with  suitable  cast-iron  covers. 

The  pipe  sewers  are  ventilated  by  ventilating  tubes  corre- 
sponding exactly  with  those  used  on  the  masonry  sewers. 

There  is  always  an  element  of  danger  in  working  in  sewers, 
particularly  in  a hot  climate,  and  it  should  be  avoided  as  much 
as  possible.  In  hot  still  weather,  there  is  probably  as  much 
danger  from  the  exhaustion  of  oxygen  and  exhalation  of  car- 
bonic acid  by  the  workmen  themselves  as  from  gases  generated 
by  putrefaction.  Form  ‘ G 86  ’ (following)  contains  a list  of 
precautions  to  be  observed  in  working  in  sewers.  No  accident 
has  taken  place  when  a diver’s  air-pump  and  tube  have  been 
kept  in  action. 

Form  ‘ A 86  ’ (following)  fully  explains  the  system  of  house 
connections.  It  will  be  observed  that  open  joints  or  breaks 
of  connection  are  in  all  cases  insisted  upon.  No  house  is  directly 
connected  with  a sewer,  there  is  always  a break  of  connection 
between  the  one  and  the  other.  ‘ Nahanis  ’ are  low  sinks  or 
bathing  places  generally  level  with  the  floor  and  summnded  by 
a raised  curb. 

European  water  closets  are  used  to  a limited  extent. 

Native  water  closets  with  long  narrow  pans  designed  to  suit 
a squatting  posture  are  being  gradually  introduced. 

Native  privies  generally  consist  of  a stone  floor  with  a raised 
stand  or  foot  place  in  which  there  in  an  open  slit  about  6£  inches 
wide.  Beneath  the  slit  is  a basket  into  which  the  faeces  fall. 
The  baskets  are  collected  by  ‘ sweepers  ’ from  the  back  of  the 
privies  through  a small  door. 

The  sweepers  convey  the  night-soil  to  depots,  where  they 
throw  it  into  iron  cylindrical  carts. 

The  carts  are  despatched  periodically  to  a main  depdt  not  far 
from  the  head  of  the  main  sewer  and  emptied  into  tanks. 

Sea  water  previously  pumped  up  into  and  reserved  in  other 
tanks  is  admitted  into  the  night-soil  tanks  to  dilute  the  night- 
soil,  and  the  whole  is  then  discharged  into  the  sewer. 

These  conditions  of  the  admission  of  night-soil  into  the 
sewers  are  the  most  disadvantageous  possible  ; they  are  the  out- 
come of  old  arrangements  which  cannot  all  at  once  be  set  aside. 


Drainage  of  Black  Town,  Madras. 

The  city  of  Madras  is  divided  into  eight  divisions,  of  which 
the  second  and  third  divisions  comprise  Black  Town,  an  area  of 
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105  square  miles  averaging  11  miles  in  length  and  somewhat 
more  than  a mile  in  breadth  and  containing  a population  in  1881 
of  128,000.  The  second  division  having  an  area  of  0-74  square 
miles  is  that  furthest  from  the  sea  and  contains  77,000  people  ; 
the  third  division,  lying  along  the  sea,  has  an  area  of  091 
square  miles  and  contains  51,000  people.  The  average  popula- 
tion per  square  mile  in  the  former  is  104,054  and  in  the  latter 
56,044. 

Through  Black  Town,  parallel  to  the  sea,  run  two  ridges  as 
shown  in  the  accompanying  section  taken  west  to  east  across 
Black  Town  ; — 


A street  called  Popham’s  Broadway  occupies  a valley  run- 
ning north  and  south  and  is  from  6 to  8 feet  above  mean  sea 
level,  the  ridge  next  the  sea  is  21  feet  and  that  next  the  canal 
13  to  20  feet  above  mean  sea  level. 

The  difference  between  high  and  low  spring  tides  is  3-19 
feet. 

The  drainage  is  so  arranged  that  the  rainfall  is  carried  into 
the  valley  or  to  the  eastern  and  western  slopes  and  then  passed, 
not  into  the  sewers  hereafter  to  be  described,  but  into  the  canal 
on  the  west,  the  sea  on  the  east,  and  into  a large  drain  in  the 
central  valley  called  the  Black  Town  main  drain  which,  designed 
to  carry  off  sewage,  will  now  he  used  for  rainfall  alone.  This 
drain  is  of  the  following  section,  10  feet  wide  and  5 feet  high  ; 
its  invert  at  its  highest  point  is  only  17  feet  above  mean  sea 
level  ; it  flows  from  the  centre  of  the  town  and  discharges  itself 
both  south  and  north  of  the  town.  The  southern  portion  was 
constructed  in  1805  and  the  northern  in  1840.  From  the  section 
it  will  be  seen  that  it  is  quite  unsuited  to  the  purpose  for  which 
it  was  designed,  but  is  suitable  for  discharging  large  bodies  of 
storm  water. 
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The  plan  adopted  fox*  the  Black  Town  drainage  is  of  a some- 
what novel  character  in  so  far  as,  that,  while  the  same  street 
drains  carry  both  sewage  and  rainfall,  the  sewage  flows  off 
by  the  new  set  of  sewers  and  the  rainfall  as  already  described. 
In  ordinary  cases  sewage  alone  is  found  flowing  in  the  street 
drains,  and  during  rainfall  a partial  division  is  effected,  the 
upper  or  lighter  and  less  contaminated  water  passing  off  by 
existing  outlets  and  the  lower  or  sewage  water  with  a small 
percentage  of  rainfall  into  the  new  sewers. 

From  the  section  given  above,  it  will  be  observed  that  east 
and  west  the  inclinations  are  considerable ; the  l’idges  have  also 
a slope  north  and  south.  Proper  slopes  for  the  street  drains  wrere, 
therefore,  in  most  cases  easily  obtainable.  In  cei’tain  cases 
however,  streets  had  to  be  re-graded  and  sometimes  house  floors, 
and  backyards  raised ; the  lower  floors  of  houses  in  M adras 
are  however  generally  high  above  street  level  and  not  much 
difficulty  was  experienced. 

When  the  street  drains  are  running  full  with  rain  and 
sewage  watei’,  these  matters  pass  on  together  until  they  reach 
the  valley  or  the  foot  of  the  eastern  or  western  slopes.  The 
division  then  takes  place  as  in  the  following  sketch  : — 

Section  showing  all  sewage  flowing  to  sewer  in  the  valley. 


3 u 
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Section  with  storm  overflow  in  action. 


At  the  foot  of  the  eastern  and  western  slopes  the  arrange- 
ments are  slightly  different  and  are  as  per  following  sketch,  the 
storm  waters  discharging  into  the  canal  or  sea  when  rising 
above  the  ordinary  sewage  flow  : — 


It  is  proposed  to  introduce  mechanical  arrangements  for 
more  effectually  controlling  the  quantity  to  be  allowed  to  flow 
into  the  sewers  during  rainfall. 

The  street  drains  are  constructed  of  country  bricks  and 
rhunarn.  Country  bricks  lend  themselves  more  readily  to  the 
construction  of  the  smaller  drains.  All  drains  are,  however 
capped  by  English  bricks  in  cement,  and  all  the  drains  are 
plastered  inside  with  cement  3 to  1 and  finished  with  neat 
cement. 
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Lhe  street  drains  are  of  the  follow  ing’  section  and  vary  in 
size  from  6 inches  to  24  inches.  They  are  always  of  the  same 
breadth  as  of  depth. 


The  sizes  are  determined  with  reference  to  their  inclination, 
so  that  they  shall  carry  off  half  inch  per  hour  from  the  area 
drained. 

The  advantage  of  open  street  drains  for  the  reception  of 
house  sewage  is  this  (no  excreta  enters  these  drains,  such 
matters  are  separately  removed  and  no  water  closets  exist  in  the 
city),  that  no  elaborate  arrangements  are  necessary  as  with 
closed  pipe  drains  to  prevent  the  gas  evolved  from  the  sewage 
entering  .the  houses  and  no  danger  from  sewer  gas  exists. 

The  hhuse  drains  are  connected  to  the  street  drains  as  shown 
on  the  accompanying  plate. 

There  are  only  three  sewers  in  the  scheme,  one  to  the  east, 
one  to  the  west,  and  one  somewhat  contiguous  to  the  main  drain 
in  the  Popham’s  Broadway  valley.  These  sewers  vary  in  size 
from  12  inches  to  18  inches  (glazed  stoneware  pipes)  and  from 
24  inches  to  36  inches  (brick  sewers) ; they  are  designed  so  as 
to  secure  a minimum  velocity  of  2 feet  per  second.  The  brick 
sewers  are  constructed  of  9 inches  of  brickwork  in  cement  and 
are  plastered  inside  and  outside  with  cement.  The  stoneware 
pipes  aro  laid  on  concrete  and  jointed  with  cement  mortar  in  the 
proportion  of  3 of  sand  and  1 of  cement. 

The  sewers  are  furnished  with  the  usual  man-holes,  flushing 
doors,  ventilators,  &c. 

These  three  sewers  converge  to  a pumping  station  to  the 
north  of  the  town,  where  the  sewage  is  pumped  up  by  powerful 
engines  into  a 24-inch  diameter  iron  main,  which  conveys 
the  sewage  to  a further  distance  of  a mile  and  a quarter.  It 
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is  then  discharged  into  an  open  masonry  channel  which  is  in 
length  1 ^ miles ; the  sewage  is  drawn  off  at  various  points  and 
used  for  private  irrigation  or  finally  drawn  off  on  to  a muni- 
cipal sewage  farm.  None  of  the  sewage  reaches  the  sea. 


FORM  G.  86. 

Precautions  ordered  to  he  taken  in  Bombay  in  entering  and  working 

in  Sewers  or  Brains. 

1.  The  first  duty  of  the  Inspector  or  other  person  in  charge 
is  to  see  that  he  has  supplied  himself  with  the  following  appli- 
ances : — 

(a)  Chemical  test-papers  for  sulphuretted  hydrogen  gas. 

(b)  Lights. 

(r)  Bamboos. 

(d)  Wind-sails. 

(e)  Strong  ropes  and  cords. 

(f)  Diver’s  air-pump  (or  smith’s  bellows). 

(, g ) Air-tubing. 

(A)  Picks,  paoras,  pails,  gamels  and  whatever  implements 
may  be  required  for  the  actual  work. 

2.  The  following-  sketch  of  a sewer,  with  a series  of  six 
man-holes  in  succession  (A,  B,  C,  D.  E and  F)  will  illustrate 
the  system  to  be  adopted  : — 


3.  All  the  six  man-holes  must  Ibe  open  for  free  ventilation  for 
an  hour  or  more  before  a man  enters  the  sewer. 

4.  At  B and  also  at  E,  a wind-sail  must  be  erected  with  the 
flaps  kept  distended  towards  the  direction  from  which  the  wind 
blows. 

5.  The  work  will  commence  either  at  C and  proceed  towards 
D or  at  D and  proceed  towards  C. 


PRECAUTIONS  WHEN  CLEANSING  SEWERS. 
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6.  Assuming  that  the  work  beg-ins  at  C,  then  a diver’s  air- 
pump  or  a pair  of  smith’s  bellows  with  a flexible  air-tube  must 
be  set  up  at  C and  kept  constantly  at  work. 

7.  A competent  man  must  be  placed  in  charge  of  the  work, 
and  he  must  satisfy  himself  by  inspection  at  the  first  and  from 
time  to  time  that  the  sower  is  not  dangerous  to  work  in. 

It  must  be  remembered  that,  although  near  a man-hole  the 
air  may  be  pure,  yet  farther  within  the  sewer  it  may  be  fatal  to 
life. 

8.  Chemical  papers  for  testing  the  presence  of  sulphuretted 
hydrogen  gas  are  to  be  obtained  from  the  Municipal  office.  If 
a paper  after  five  minutes’  exposure  in  the  sewer  turns  a deep 
brown  or  black,  the  sewer  is  dangerous  to  work  in. 

9.  If  the  paper-test  is  satisfactory,  a light  must  next  be  let 
down  into  the  sewer,  and  it  is  always  to  be  kept  20  feet  in 
advance  of  where  the  men  are  at  work  ; they  are  to  be  cautioned 
to  observe  that  it  burns  properly. 

1 0.  If  it  burns  unnaturally  or  goes  out,  the  men  are  not  to 
descend  ; or  if  they  have  descended,  are  to  return  to  the  nearest 
mau-hole  immediately. 

11.  Each  man  is.  to  be  fastened  by  a stout  rope  passing 
under  his  arm-pits  and  with  the  knot  against  his  spine.  The 
rope  is  to  be  kept  from  slipping  down  to  the  lower  part  of  the 
body  by  means  of  short  pieces  of  cord  passing  over  the  shoulders. 
The  loose  end  of  the  rope  is  to  be  kept  on  the  surface  of  the 
ground. 

12.  The  foremost  man  must  have  the  end  of  the  air-tube, 
always  a little  in  advance  of  him,  and  he  must  carry  it  himself 
if  possible ; should  the  latter  not  be  found  practicable,  another 
man  must  be  employed  to  carry  the  air-tube. 

13.  In  any  case  one  man  must  always  be  stationed  at  the 
bottom  of  the  man-hole  to  give  an  alarm  and  render  assistance, 
if  required. 

14.  The  men  are  to  be  cautioned  that  if  they  feel  any  diffi- 
culty of  breathing  (or  feel  unwell  in  any  respect),  they  are  not 
to  remain  in  the  sewer,  but  to  come  out  immediately. 

15.  No  man  is  to  be  allowed  to  remain  in  the  sewer  more 
than  half  an  hour  at  a time. 

16.  At  least  three  men  must  be  stationed  on  the  surface  at 
the  man-hole  from  which  work  is  being  carried  on. 

17.  The  men  must  be  warned  against  either  urinating  or 
defcecating  in  the  sewer. 

18.  When  the  work  has  been  completed  from  C to  half  the 
distance  between  C and  I),  the  work  will  be  begun  from  D and 
proceeded  with  towards  C,  precisely  similar  arrangements  and 
conditions  being  observed. 
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19.  These  instructions  for  executing  tlie  work  between  C 
ancl  D will  apply  to  carrying  out  the  work  between  any  other 
two  man-holes,  the  wind-sails,  air-pump,  or  bellows,  and  other 
appliances  being  moved  as  required. 

20.  Should  an  accident  occur,  every  person  in  the  sewer 
must  be  brought  to  the  surface  at  once,  and  whilst  they  are  so 
being  brought  out,  crowding  around  the  man-hole  must  be  pre- 
vented because  a crowd  would  check  the  escape  of  the  foul  air 
or  the  entrance  of  fresh  air. 

21.  If  any  person  brought  out  of  the  sewer  is  insensible  and 
medical  attendance  cannot  be  immediately  obtained,  the  follow- 
ing treatment  of  the  sufferer  should  be  adopted  : — 

(a)  Loosen  all  clothes  about  the  body. 

(£)  Dash  water  on  to  the  man’s  face  turned  towards  the 
wind. 

(c)  Lay  the  man  flat  on  his  face  with  one  of  his  arms  under 
his  forehead. 

{d)  Open  his  mouth,  draw  his  tongue  forward,  and  cleanse 
his  mouth  and  nostrils  with  water. 

(e)  Turn  him  on  one  side  while  supporting  his  head,  and 
turn  him  back  again  on  his  face. 

(/)  If  breathing  does  not  commence,  turn  him  again  gently 
on  to  one  side  and  then  on  to  his  back. 

(g)  Raise  his  head  and  shoulders. 

(A)  Grasp  both  his  arms  just  above  his  elbows  and  draw 
them  gently  but  firmly  upwards  above  his  head  and 
keep  them  in  that  position  two  seconds. 

(«)  Lower  his  arms  and  press  them  gently  against  his  side. 

(j)  Continue  to  raise  and  lower  his  arms  as  described  until 
breathing  is  restored  or  until  the  man  is  placed  in 
charge  of  a doctor. 

(A)  If  breathing  is  restored  before  a doctor  is  obtained,  rub 
the  man  dry  and  wrap  him  in  dry  warm  clothes. 
Do  everything  possible  to  restore  warmth  and  cir- 
culation. 

(/)  As  soon  as  the  man  can  swallow,  give  him  warm  water 
or  any  kind  of  spirit  to  drink. 

22.  The  sufferers  are  to  be  promptly  conveyed  to  the  nearest 
medical  man  or  the  nearest  hospital.  Early  medical  attention 
is  very  essential. 

23.  As  soon  as  the  sufferers  have  been  placed  under  medical 
care  (or  earlier  if  a messenger  is  available),  information  must  be 
sent  to  the  Executive  Engineer. 
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Rules  for  House  Drainage  (Bombay). 

1.  Permission  to  carry  out  the  drainage  of  house  No. 

in will  he  granted  on  the  following 

conditions. 

2.  That  every  nahani  be  fitted  up  with  a 4 inches  by  4 inches 
C.I.  (cast-iron)  grating,  securely  fixed  in  a vortical  position  from 
the  inside. 

3.  That  every  ndhani,  every  urinal  and  the  night-soil  chamber 
(or  other  receptacle  of  urine  and  ablution  water)  of  every  privy 
be  provided  with  a '2-A-inch  C.I.  ventilating  (open-ended)  dis- 
charge pipe  firmly  fixed  from  the  outside. 

4.  That  every  discharge  pipe  be  made  to  Hip  into  a C.I. 
cistern  head  to  the  extent  of  1 inch  below  the  rim  of  the  cistern 
head.  {Note. — In  the  case  of  a discharge  pipe  from  a nahani, 
urinal,  or  privy  on  the  ground  floor,  the  cistern  head  may  be 
dispensed  with.) 

5.  That  every  cistern  head  be  connected  with  a 2£-inch  C.I. 
down-take  pipe.  {Note. — In  the  ease  of  a nahani,  urinal,  or 
privy  on  the  ground  floor,  if  without  a cistern  head,  the  down- 
take  pipe  must  be  connected  directly  with  the  discharge  pipe.) 

6.  That  the  bottom  end  of  every  down-take  pipe  be  made  to 
dip  into  one  corner  of  a stoneware  gully  trap  to  the  extent  of  1 
inch  below'  the  rim  of  the  gully  trap. 

7.  That  every  gully  trap  be  so  fixed  that  its  rim  may  be  2 
inches  above  the  paving  or  ground  around  it. 

8.  That  a 6-inch  stoneware  pipe  drain  with  all  necessary 
junctions  and  bends  be  laid  about  the  premises  when  required, 

and  from  the  premises  to  the  municipal  sewer  in 

with  a gradient  of  as  nearly  1 in  50  as  possible.  {Note. — No 
drain  will  be  allowed  inside  the  house  or  within  any  covered 
portion  of  the  premises.) 

9.  That  at  the  head  of  the  pipe  drain  a 6-inch  by  6-inch 
stoneware  junction  be  provided  for  the  purpose  of  cleaning  and 
flushing  it,  the  end  and  branch  of  the  junction  being  so  covered 
as  to  be  easily  accessible. 

10.  That  if  the  pipe  drain  deviate  from  a straight  line  or 
be  more  than  50  feet  in  length,  an  inspection  chamber  be  con- 
structed at  every  point  of  deviation  and  at  every  50  feet  in 
length  (at  the  most)  with  an  inlet  brought  up  to  within  6 iuches 
of  the  surface  and  so  covered  as  to  be  easily  accessible. 

11.  That  the  gully  traps  be  connected  with  the  pipe  drain 
by  4 inches  stoneware  pipes  or  bends. 

12.  That  where  the  pipe  drain  leaves  the  premises  and  passes 
under  the  roadway,  a 6-inch  stoneware  syphon  be  inserted 
in  the  line  of  the  pipe  drain  with  a 4-inch  inspection  inlet 
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carried  up  to  within  6 inches  of  the  surface  and  so  covered  as  to 
be  easily  accessible.  ( Note . — All  syphons  must  be  laid  level.) 

13.  That  one  2^-inch  C.I.  ventilating  pipe  be  connected 
with  the  head  of  the  pipe  drain  and  another  with  the  pipe  drain 
between  the  syphon  and  the  municipal  sewer,  and  that  both  be 
(i a ) carried  at  least  10  feet  higher  than  any  sky-light  or  window 
situated  within  a distance  of  20  feet  therefrom  ; ( b ) carried 
higher  than  the  highest  part  of  the  building,  if  any,  to  which  it 
is  affixed ; and  ( c ) erected  or  affixed  so  as  to  create  the  least 
practicable  nuisance  or  inconvenience  to  the  inhabitants  of  the 
neighbourhood. 

1 i.  That  before  any  part  of  the  roadway  be  disturbed,  the 
applicant  pays  the  usual  road-opening  fee  into  the  Executive 
Engineer’s  office  and  obtains  a permit.  _ 

15.  That  the  said  permit  be  produced  to  the  Inspector  of 
drains  at  his  office  during  his  office  hours,  and  that  an  arrange- 
ment be  made  with  him  to  attend  at  the  premises  to  see  the 
making  of  the  connection  with  the  municipal  sewer. 

16.  That  no  connection  be  made  with  the  municipal  sewer, 
and  that  the  municipal  sewer  be  not  exposed,  except  in  the 
presence  of  the  Inspector  of  Drains. 

17.  That,  in  the  event  of  a special  junction  being  required 
with  the  municipal  sewer,  the  applicant  provides  and  fixes  (a)  a 
stoneware  junction  pipe  of  the  necessary  size,  ( b ) a 6-inch 
stoneware  junction  block. 

18.  That  all  joints,  both  of  stoneware  pipes  and  iron  pipes, 
be  made  air-tight  and  water-tight. 

19.  That  the  paving  of  sweeper’s  passages  be  laid  at  a 
gradient  of  at  least  1 in  80,  and  that  the  joints  be  pointed  with 
Portland  cement.  {Note.  —Any  paving  that  may  be  disturbed 
must  be  carefully  restored  and  the  joints  pointed  with  Portland 
cement.) 

20.  That,  as  there  is  a raised  foot-path  at  the  side  of  the 
road,  a stoneware  gully  trap  be  placed  at  the  lower  end  of  every 
sweeper’s  passage  (the  rim  of  the  gully  trap  to  be  1 inch  lower 
than  the  paving),  and  connected  (a)  by  means  of  a 6-inch 
stoneware  pipe  drain,  laid  at  a gradient  of  as  nearly  1 in  50  as 
possible,  with  the  separate  municipal  drain  provided  for  storm 
water,  or  intended  to  be  used  ultimately  for  storm  water  only. 
{Note. — Paragraphs  16,  17  and  18  are  to  be  applied  to  this  case, 
the  word  ‘ drain  ’ being  substituted  for  ‘sewer’);  ( b ) with  the 
drain  referred  to  in  paragraph  8,  the  connection  being  made  on 
that  part  of  the  drain  which  is  higher  than  the  syphon  referred 
to  in  paragraph  12.  {Note. — Paragraphs  11  and  18  are  to  be 
applied  to  this  case.) 

21.  That  the  whole  of  the  work  be  done  according  to  the 
instructions  of  the  Municipal  Inspector  of  Drains. 
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LOANS. 

Object  of  raising  loans. — As  all  permanent  works  are 
undertaken,  not  only  for  the  benefit  of  the  existing  popu- 
lation of  a district  or  town,  but  also  for  future  generations, 
it  is  but  right  and  proper  that  a portion  of  the  cost  of  such 
works  should  bo  paid  by  the  latter  as  well  as  the  former. 
This  object  is  attained  by  raising  loans  to  meet  the  cost  of 
such  works,  such  loans  extending  over  periods  twenty,  forty, 
fifty  or  hundred  years  as  the  case  may  be. 

Method  of  repayment. — It  is  usual  to.provide  for  the 
liquidation  of  such  loans  by  annual  or  half-yearly  pay  men  ts, 
which  form  what  is  called  a sinking  fund.  These  amounts 
deposited  in  a bank  will  bear  interest  yearly  or  half-3  early, 
and  the  amount  excluding  interest  required  to  be  so  paid,  in 
order  to  liquidate  the  loan,  at  the  end  of  the  period  agreed 
upon,  will  be  very  much  less  than  the  amount  of  the  loan 
divided  by  the  number  of  years  during  which  the  loan  exists. 
This  is  not  difficult  to  understand  if  it  is  remembered  that 
compound  interest  is  being  obtained. 

Tables  for  facilitating  calculation  of  periodical 
payments. — Tables  Nos.  1 and  11  towards  the  end  of  this 
chapter  have  been  drawn  up  to  facilitate  the  calculation  of  the 
amounts  necessary  under  varied  circumstances.  Payments 
towards  the  sinking  fund  are  supposed  to  be  made  yearly  or 
half-yearly  according  as  the  interest  is  paid  annually'  or  every 
six  months. 

Method  of  using  the  tables. — The  method  of  using 
the  tables  is  as  follows  : — Suppose  it  is  desired  to  ascertain 
what  half-yearly  payment  is  required  to  liquidate  a loan  of 
Rs.  1,00,000  in  50  years  by  loo  payments,  bearing  interest 
at  2 per  cent,  per  half-year.  This  is  to  be  found  from  table 
I,  thus ; opposite  100  and  in  the  column  headed  2 per  cent, 
will  be  found  the  figures  *0032,  these  multiplied  by  100,000 
will  give  320,  or  Rs.  320  is  the  half-yearly'  payment  required. 
If  the  payment  is  to  be  annual,  and  interest  is  to  bo  paid  on 
sinking  fond  at  4 per  cent,  per  annum,  look  in  Table  II 
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and  opposite  50,  the  number  of  years  and  the  number  of 
payments  will  be  found  in  the  column  headed  4 per  cent,  the 
figures  '0066,  these  multiplied  by  100,000  give  the  number 
of  rupees,  viz.,  Es.  660  required  to  be  paid  yearly. 

Rate  of  interest  on  what  basis  to  be  fixed. — The 

rate  of  interest,  which  it  is  advisable  to  offer  for  a loan, 
dopends  (1)  on  the  state  of  the  money  market,  (2)  on  the 
security  offered.  If  too  low  a rate  of  interest  be  offered  the 
loan  may  not  be  obtainable  at  par,  and  on  the  other  hand  so 
favourable  a rate  may  be  fixed  that  the  loan  may  be  offered 
above  par;  that  is,  in  the  former  case  for  each  debenture 
proposed  to  be  issued,  say,  for  Its.  100,  He.  9-S  or  Es.  96 
only  may  be  obtainable,  while  in  the  latter,  Rs.  101,  102, 
&c  , may  be  offered. 

Consideration  of  tenders  for  loans. — When  loans 
are  tendered  far  below  par  or  at  a discount,  it  may  be  neces- 
sary to  consider  whether  it  is  advisable  to  accept  such 
tenders  or  call  for  other  tenders,  proffering  a higher  rate 
of  interest.  Thus  suppose  a 50  years’  loan  for  a lakh  bear- 
ing interest  at  6. per  cent,  is  tendered  for  at  10  per  cent, 
discount,  or  Es.  90  for  each  Es.  100  debenture,  the  bor- 
rower would  only  obtain  90,000  instead  of  1,00,000  and  would 
thus  be  paying  instead  of  6 per  cent.  6J  per  cent,  for  the 
amount  obtained. 

If-  then  at  6J  per  cent,  the  loan  is  obtainable  at  par,  the 
question  comes  to  be  whether  is  it  better  to  accept  the  tender 
or  to  o.ier  6J  per  cent,  and  thus  get  100,000  instead  of  only 
90,0d0.  Suppose  the  payments  to  sinking  fund  are  to  be 
half-yearly  and  bear  interest  at  2 per  cent,  per  half-year. 
In  the  first  case  the  total  expenditure  would  be  : — 

RS. 

100  pajnnents  to  sinking  fund  at  Rs.  320.  32,000 

50  payments,  of  interest  at  6 per  cent,  at 

Es.  6,000  3,00,000 

Total  ..  3,32,000 

In  the  second  case — 

100  payments  as  above  ..  ..  ..  32,000 

50  payments,  interest  6f  per  cent,  at 

* Es.  6,666  3,33,300 


Total 


3,65,300 
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But  in  the  first  case  10,000  more  has  still  to  be  borrowed, 
we  must  also  take  that  into  account  and  may  considor  it 
thus,  for  Rs.  10,000  : — 

RS. 

100  payments  to  sinking  fund  at  Rs.  32. . 3,200 

50  payments,  interest  6§  per  cent.,  Rs.  666.  . 33,300 


36,500 

Add  as  above  . . 3,32,000 


Total  . . 3,68,500 


so  that  it  would,  in  such  case,  be  better  to  call  for  fresh 
tenders  if  it  could  b?  fairly  assumed  that  dj  per  cent.,  would 
commaud  the  loan  at  par. 

Cost  of  loam  large  in  proportion  to  amount 
borrowed. — The  foregoing  examples  mny  have  call  d at-, 
tendon  to  the  fact  that  proportionately  large  am- -lints  to 
the  sums  borrowed  have  to  be  expended  in  paying  int  rest. 
Table  No.  Ill  has  been  drawn  up  for  the  purpose  of  calling 
attention  to  this  matter,  and  from  it  will  be  seen  what  large 
amounts  as  iuterest  must  bo  paid  for  borrowed  money. 

RS. 

From  Table  111  the  total  interest  payable 
on  a 50  yoars’  loan  of  I lakh  at  6 per 

cent.  • . . . . . . 3,O0,Q00 

Sinking  ftind  as  before  at  2 per  cent,  per 

half-year  ..  ..  . . ..  32,0C0 


Total  ..  3,32,000 


Period  of  loan  should  be  limited  with  regard  to 
financial  position. — Probably  the  shorter  the  period  for 
which  a loan  is,  the  higher  wiil  be  the  rate  of  interest  re- 
quired, or  the  loan  will  be  offered  at  a less  premium  or  a 
greater  discount  demanded,  but  for  the  purposes  of  com- 
parison suppose  the  loan  could  be  obtained  for  thirty  years 
only  on  similar  terms,  the  figures  would  stand  thus  : — 

R.8. 

30  years’  interest  at  6 per  cent.  . . . . 1,80,000 

60  half-yearly  payments  to  sinking  fund, 

Rs.  870  52,200 


Total 


• • 


2,32,200 
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showing  a saving  of  nearly  a lakh  to  the  community,  and  the 
extra  burden  during  that  period  on  the  rate-payers  would 
be  only  2 (870— 320)  = Bs.  1,100  per  annum,  a sum  the 
payment  of  which  would  hardly  inconvenience  any  munici- 
pality. The  longer  the  period  for  which  a loan  is  taken  the 
more  expensive  it  is  ; it  therefore  behoves  corporations  no 
less  than  private  individuals,  to  pay  oh  what  they  borrow  in 
as  short  a time  as  they  conveniently  can. 

Tables  for  facilitating  the  calculation  of  the  amounts  at  varying 
rates  of  interest  required  to  form  sinking  funds  in  order  to 
liquidate  loans  for  periods  between  20  and  50  years. 


Table  I. 


Half-yearly  payments. 


Number  of  years 
over  which  loan 
extends. 

Number  of  pay- 
ments to  sink- 
ing fund. 

Amount  cf  interest  received  from  sinking  fund 
half-yearly. 

If  per 
cent. 

2 per 
cent. 

2f  per 
cent. 

2£  per 
cent. 

2f  per 
cent. 

3 per 
cent. 

20 

40 

•0174 

•0165 

•0157 

•0148 

•0139 

•0132 

25 

50 

•0127 

•0118 

•0110 

■C102 

•0095 

•0088 

30 

60 

•0095 

•0087 

•0080 

•0073 

•0066 

•0061 

3b 

70 

•0074 

•0066 

•0060 

■0053 

•0048 

•0043 

40 

80 

•0058 

•0051 

•0045 

•0042 

•0035 

•0031 

45 

90 

•0047 

•0040 

•0035 

•0033 

•0026 

•0022 

50 

100 

•0039 

•0032 

•0026 

•0023 

•0019 

1 

•0016 

Table  II. 


Yearly  paymetits. 


Number  of  years 
over  which  loan 
extends. 

Number  of  pay- 
men  is  to  sink- 
ing fund. 

Amount  of  interest  received  from  sinking 
fund  yearly. 

3£  per 
cent. 

4 per 
cent. 

4|  per 
cent. 

5 per 
cent. 

o£  per 
cent. 

6 per 
cent. 

20 

20 

•0354 

•0336 

•0319 

•0302 

•0286 

•0272 

25 

25 

•0257 

•0240 

•0224 

•0210 

•0196 

•0182 

30 

30 

•0194 

•0178 

*0164 

•0151 

•0138 

•0126 

35 

35 

•0150 

•0136 

•0123 

•0111 

•0099 

•0090 

40 

40 

•0118 

•0105 

•0093 

•0083 

•0072 

•0065 

45 

45 

•0095 

•0083 

•0072 

•0003 

•0054 

•0047 

| .60 

50 

•0076 

•0066 

•0056 

•0048 

*0040 

•0034 
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Table  III. 

Showing  lotal  amount  of  interest  payable  on  a loan  of  1 lakh  of 
Rupees  for  various  periods  at  varied  rates  of  interest. 


oo  2 
^ X 

cr  o 

Interest  payable  yearly. 

o 

3 per 

3J  per 

4 per 

4£  per 

5 per 

5J  per 

6 per 

- 

* * 

pout. 

cent. 

cent. 

cent. 

cent 

cent. 

cent. 

a £*  «> 

a i 

3 X 

» ° ® 

Total  interest  payable. 

RS. 

RS. 

RS. 

RS. 

RS. 

RS. 

RS. 

20 

60,000 

70,000 

80,000 

90,000 

1,00,000 

1,10,000 

1,20,000 

25 

75,000 

87,500 

1,00,000 

1,12,500 

1,25,000 

1,37,500 

1 .50,000 

30 

90,000 

1,05,000 

1,20,000 

1,35,000 

1,50,000 

1 .65,000 

1,80,000 

35 

1,05,000 

1,22,500 

1,40,000 

1,57,500 

1,75,000 

1,92,500 

2,10,000 

40 

1 ,20,000 

1,40.000 

1,60,000 

1,80,000 

2,00,000 

2,20,000 

2,40,000 

45 

1 ,35,000 

1,57.500 

1,80,000 

2,02,500 

2,25,000 

2,47,500 

2,70,000 

50 

1,50,000 

1,75,000 

2,00,000 

2,25,000 

2,50,000 

2,75,000 

5,00,000 

Instead  of  tho  foregoing  systenf  it  is  usual,  in  regard 
to  raofnssil  bodies  in  Madras,  to  require  principal  and  interest 
to  be  paid  yearly  iu  equal  instalments,  and  the  amount  to  be 
paid  under  this  plan  is  shown  in  the  following  table  : — 

Table  showing  the  amount  of  equal  annual  payments  ( of  principal 
and  interest  combined)  necessary  to  cancel  a loan  of  Rs.  ! On  at 
3,  4,  -t|,  5 and  6 per  cent,  payable  annually  and  maturing 

any  number  of  years  from  1 to  30. 


N umber  of  years 
in  which  loan 
expires. 

Per  cent,  per  annum. 

3 

3* 

4 

4* 

5 

6 

1 

103-000 

103-500 

104000 

104-500 

105-000 

106-000 

2 

52261 

52657 

53020 

53413 

53-780 

54-544 

3 

35362 

. 35-699 

36-026 

36-370 

36-726 

37-411 

4 

26-903 

127-229 

27550 

27-877 

28-202 

28-857 

5 

21-832 

22-147 

22-464 

22-778 

23  096 

23-741 

6 

18-460 

18771 

19-077 

19386 

19702 

20-337 

7 

16  049 

16-353 

16-662 

16-969 

17-282 

17914 

8 

14-214 

14548 

14852 

15161 

15-472 

16-103 

9 

12-843 

13-145 

13-450 

13-757 

14-069 

14-702 

10 

11-723 

12024 

12330 

12637 

12-950 

13-586 
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Table  showing  the  amount  of  equal  annual  payments,  fro. — cont. 


Number  of  years 
in  which  loan 
expires. 

Per  cent,  per  annum. 

3 

3* 

4 

4* 

5 

6 

11 

10*808 

11-109 

11-416 

11-725 

12-039 

12-679 

12 

10-046 

10-348 

10"65H 

10-966 

11-283 

11-928 

13 

9-403 

9-707 

10014 

10-328 

10-646 

11-296 

14 

8'853 

9-157 

9-467 

9 782 

10-103 

10-759 

15 

8-377 

8-683 

8-994 

9-311 

9634 

10  296 

16 

7961 

8-268 

8-582 

8-902 

9 227 

9-895 

17 

7-596 

7904 

8-220 

8542 

8-870 

9 544 

18 

7-271 

7-580 

7899 

8-224 

8 555 

9 236 

19 

6 981 

7-294 

7614 

7-941 

f-275 

8 962 

20 

6-722 

7 036 

7 358 

7-688 

8-024 

8 718 

21 

6-487 

6-804 

7-128 

7-460 

7-800 

8 500 

22 

6 275 

6 593 

6920 

7 255 

7-597 

8-305 

23 

6'081 

6-402 

6-731 

7-068 

7-414 

8-128 

24 

5-905 

6-227 

6-559 

6-899 

7-247 

7 908 

25 

5743 

6-068 

6-mi 

6-744 

7095 

7 823 

26 

5-594 

5*021 

6-257 

6 602 

6956 

7-690 

27 

5"4”)6 

5"785 

6-124 

6-472 

6-829 

7 570 

28 

5 329 

5-660 

6-001 

6352 

6712 

7 459 

29 

5-212 

5-545 

5-888 

6-241 

6-605 

7-358 

30 

5-102 

5437 

5-783 

6-139 

6- 505 

7 265 

If  a loan  of  1 lakh  repayable  in  30  years  wero  borrowed 
under  this  plan,  the  annual  payment  would  at  6 per  cent, 
amount  to  Ks.  7,265  or  a total  of  Ks.  2.17,950  which  is 
slightly  less  than  under  the  former  system. 

None  of  these  plans,  however,  are  satisfactory  in  so  far 
that  a Municipality  is  suddenly  relieved  of  a larg^  annual 
payment;  a much  better  plan  would  be  to  arrange  that  the 
amount  payable  decreased  year  by  year;  the  Municipal 
income  be  thus  gradually,  instead  of  suddenly,  relieved  of  a 
large  annual  payment.  The  steady  progress  of  Municipal 
work  would  thus  be  better  assured. 
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USEFUL  NOTES  ON  SANITATION  AND  ENGINEERING. 


SANITARY  NOTES. 

Disinfection. 

II eat. — Heat  of  boiling  water,  212°,  will  destroy  all  vitality 
in  animal  cells  and  molecules. 

Clothes  and  bedding  of  patients  suffering  from  infectious 
diseases  may  be  safely  used  by  healthy  persons  after  exposure  to 
212°  Fah.  for  one  hour. 

Fabrics  begin  to  scorch  at  from  255°  to  260°  Fah. 

Woollen  fabrics  change  colour  after  exposure  to  six  hours  of 
212°  Fah.  or  two  hours  of  J20°  Full. 

Cotton  and  linen  after  six  hours  of  212°  Fah.  or  after  two 
hours  of  220°  Fah.  show  signs  of  change  of  colour,  but  the 
strength  of  the  material  is  not  diminished  until  after  two  hours 
at  300°  Fah. 

Bedding,  blankets,  carpets  and  suchlike,  which  cannot  well 
be  disinfected  at  home,  must  be  disinfected  by  steam  at  low 
pressure,  as  recommended  by  Dr.  Meyer.  Where  articles  have 
been  soiled  with  albuminous  matter,  the  heat  will  cause  coagu- 
lation and  a permanent  stain,  unless  tho  soiled  parts  hive  been 
pieviouely  washed  in  cold  water. 

If  the  bedding  or  other  articles  are  very  filthy  or  dilapidated, 
they  should  be  destroyed  by  fire.  Leather  and  letters  should  he 
exposed  to  dry  heat  only. 

Liquids  such  as  water  and  milk  after  being  boiled  (212°  Fah.) 
will  not  carry  disease. 

The  following  are  useful  disinfectants:  — 

Savitas  fluid  is  an  aqueous  solution  of  peroxide  of  hydrogen 
with  soluMe  camphor  (Ci,Hlt.Os)  and  thxmol,  and  is  produced 
by  the  oxidation  of  turpentine  in  t.l  e presence  of  air  and  water. 
Sanitas  oil  remains  when  the  fluid  is  removed,  and  eonta  ns 
various  oxidized  bodies  and  an  organic  (probably  camphoric) 
peroxide,  which  gives  off  pei oxide  of  hydrogen  and  camphoric 
acid  to  the  air.  Sanitas  acts  both  as  a disinfectant  and  an  oxidant, 
and  being  non-poisonoue  by  itself,  it  is  the  safest  for  general 
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use.  By  its  power  of  rapid  oxidation  it  stops  putrefactive  decom- 
position (Kingzett). 

Chloride  of  lime  is  useful  for  excreta  ; if  used  for  clothing, 

2 ounces  to  a gallon  is  strong  enough,  stronger  will  destroy  the 
materials. 

Ferrous  sulphate  is  a cheap  deodarant,  but,  according  to  Koch, 
is  not  a disinfectant  proper. 

Carbolic  acid  has -a  powerful  restraining  effect  upon  the 
growth  of  bacteria,  but  as  a disinfectant  is  very  feeble  even  in 
vapour.  Its  compounds  and  solutions  of  it  in  alcohol  or  oil  are 
less  powerful  than  carbolic  acid  itself.  Koch  prefers  it  (5  per 
cent,  solution)  for  disinfecting  the  excreta  and  soiled  linen  of 
cholera  patients. 

Permanganate  of  potash  is  a good  deodarant  and  a true 
disinfectant  to  some  extent,  but  its  action  is  much  weakened  if 
the  infective  matter  is  mixed  with  a quantity  of  other  organic 
matter.  It  is  non-poisonous,  but  stains  clothing,  &c. 

Disinfection  of  water  in  wells. — Cholera  cases  cau  often  be 
traced  to  poisoning  well  water.  The  depo-its  of  quicklime,  alum, 
and  permanganate  of  potash  in  wells  are  excellent  and  cheap 
disinfectants. 

Rules  for  clearing  rooms  after  infection. 

(1)  Remove  all  infected  fabrics  or  clothing  to  be  dealt 
with  separately. 

(2)  Cleanse  all  wood  work  with  soap  and  water  to  which 
one  part  of  carbolic  acid  has  been  added  to  each  three  gallons  of 
water. 

(3)  Close  the  room  ; fumigate  for  three  hours  wi'h  fumes 
of  sulphurous  arid  using  1 lb.  of  sulphur  to  each  1,000  cubic  feet 
of  space.  This  is  the  usual  quantity  but  gives  a strength  of  only 
one  per  cent,  which,  Dr  Carpenter  sa}Ts,  is  inadequate  ; Letheby 
recommends  £ ounce  for  emli  ten  cubic  feet. 

(4)  Open  the  room  and  thoroughly  ventilate  for  thirty- 
six  hours. 

(5)  If  the  room  has  white-washed  walls  or  ceilings, 
thoroughly  scrape  off  the  old  wash  and  renew  with  wash  to  which 
some  cirbolie  acid  h s been  added.  Other  descriptions  of  wall 
surfaces  should  be  washed  with  sanitas  and  water  or  a solution 
of  corrosive  sublimate  (1  in  5,000). 

Disinfection  of  fabrics  and  clothing. 

The  fabrics  and  clothing  removed  from  the  room  to  be  boiled 
with  soda,  exposed  to  heat  and  fumigated  with  sulphur  as  already 
described ; two  handfuls  of  washing  soda  should  be  used  to  each 
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gallon  of  water.  After  boiling-  immerse  in  a carbolic  acid  solu- 
tion of  four  fluid  ounces * of  carbolic  acid  to  1 gallon  of  water. 
Soiled  bandages,  rags,  &c.,  should  be  burnt. 

Rules  for  the  treatment  of  excrementitious  matter 

in  disease. 

Matters  discharged  from  the  body  should  be  roceived  iu  a 
vessel  contaiuiug  half  pint  of  one  of  the  following  disinfecting 
solutions  : — 

(1)  A solution  of  2 lb.  of  sulphate  of  iron  to  1 gallon  of 

water. 

(2)  A solution  of  1 quart  of  chloride  of  zinc  to  3 quarts 

of  water. 

(3)  A solution  of  1 lb.  of  sulphate  of  zinc  to  1 gallon  of 

water. 

(4)  A solutiou  of  4 fluid  ounces  of  carbolic  acid  to  1 gallon 

of  water. 

The  Local  Government  Board  (England)  advise  the  use  of  the 
following  solution  for  excreta,  clothing,  floors,  &c. : — 

| ounce  of  corrosive  sublimate. 

1 ounce  (fluid)  of  hydrochloric  acid. 

3 gallons  of  water. 

Colour  with  permanganate  of  potash  to  prevent  accident  or 
with  5 grains  of  aniline  blue. 

For  the  daily  ordinary  excreta  of  an  individual  (4  ounces), 
one-half  ounce  of  Calvert’s  and  McDougall’s  powder  will  have  a 
preservative  effect  for  18  to  20  days,  one-quarter  of  an  ounce 
for  3 or  4 days. 


Common  chemical  terms  and  their  scientific  equivalents. 


Common  names. 

Chemical  names. 

Aqua  fortis 

. . Nitric  acid. 

Aqua  regia 

. . Nitro-muriatic  acid. 

Blue  vitriol 

Sulphate  of  copper. 

Calomel 

. . Chloride  of  mercury. 

Chalk 

Carbonate  of  calcium. 

Caustic  potash 

. . Hydrate  potassium. 

Common  salt  . . 

. . Chloride  of  sodium. 

Copperas  or  green  vitriol 

. . Sulphate  of  iron. 

Corrosive  sublimate  . . 

. . Bichloride  of  mercury. 

Dry  alum 

. . Sulphate  aluminum  and  potas- 
sium. 

Fire-damp 

. . Light  carburetted  hydrogen. 

Galena 

Sulphide  of  lead. 

* 1 fluid  ounce  = y^th  part  of  a pint. 

3 Y 
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Common  chemical  terms  and  their  scientific  equivalents  —coni , 


Common  names. 

Iron  pyrites 
Lime 

Lunar  caustic  . . 

Muriate  of  lime 
Oil  of  vitriol  . . 

Potash 
Red  lead 
Rust  of  iron 
Salammoniac 
Slacked  lime 
Soda 

Spirits  of  hartshorn 
Spirits  of  salt 
Stucco  or  plaster  of  Paris 
Sugar  of  lead 
Verdigris 
Vinegar 
Volatile  alkali 
Water 

White  precipitate 
White  vitriol 


Chemical  names. 

. . Bisulphide  of  iron. 

. . Oxide  of  calcium. 

. . Nitrate  of  silver. 

. . Chloride  of  calcium. 

Sulphuric  acid. 

. . Oxide  of  potassium. 

. . Oxide  of  lead. 

. . Oxide  of  iron. 

. . Muriate  of  ammonia. 

. . Hydrate  calcium. 

. . Oxide  of  sodium. 

. . Ammonia. 

. . Hydrochloride  of  muriatic  acid. 
. . Sulphate  of  lime. 

. . Acetate  of  lead. 

. . Basic  acetate  of  copper. 

. . Acetic  acid  diluted. 

. , Ammonia. 

. . Oxide  of  hydrogen. 

. . Ammouiated  mercury. 

. . Sulphate  of  zinc. 
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Strength  and  Weight  of  Materials. 


Material. 

Specific 

gravity. 

Weight  of 
cubic  foot. 

Tensile 
strength  per 
square  inch. 

Metals. 

LB. 

TONS. 

Copper,  sheet  ... 

878 

5481 

13-4 

Do.  wire  ... 

8-90 

5550 

26-0 

Iron,  cast 

7-23 

451-0 

7-3 

Do.  wrought  ... 

7-78 

485-6 

220 

Steel 

8-0 

499-0 

520 

Lead,  sheet 

11-4 

711-6 

1-5 

Tin  

7'29 

455-1 

2-0 

Zinc,  cast 

700 

437-0 

3-3 

Brass,  wire 

8-54 

533  1 

220 

Do.  sheet 

8-44 

526-8 

14-0 

Do.  cast 

8-40 

• 

5244 

8-0 

Timber. 

LB. 

Acacia  ... 

0-71 

44 

16,000 

Box  wood  ...  

1-28 

80 

20,000 

Cedar  ... 

0-74 

47 

5,000 
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Strength  and  Weight  of  Materials — cont. 


Material. 

Specifio 

gravity. 

Weight  of 
cubic  foot. 

Tensile 
strength  per 
square  inch. 

Timber — cont. 

LB. 

LB. 

Cork 

0-24 

15 

Ebony  ... 

118 

74 

... 

Jack  wood 

0-67 

42 

Mahogany 

056 

85 

2i,000 

Oak 

077 

48 

10,000 

Pine,  red 

058 

36 

12,000 

Do.  yellow  ... 

050 

82 

Satin  wood 

096 

60 

Teak 

074 

46 

8,000 

Stones,  frc. 

Granite  ... 

262 

165 

Crushing 
strength  per 
square  inch. 

10,900  to 

Trap  

272 

170 

6,300 

Brick,  common 

16 

100 

Cement,  Portland  

1-7 

105 

600 

Concrete,  ordinary 

1-9 

119 

• • • 

Mortar  ... 

1-70 

106 

Sand,  river 

1-88 

117 

Tar 

102 

63 

Weights  of  Materials , Wrought  Iron . 

Cubic  inches  X 0 28  = lb.  avoirdupois. 

Thickness  of  plate  in  inches  x 40  = lb.  per  square  foot. 

Thickness  of  plate  in  eighths  of  inches  X 5 = lb.  per  square 
foot. 

Sectional  area  in  inches  x 3-34  = lb.  per  lineal  foot. 
Sectional  area  in  inches  X 10  = lb.  per  lineal  yard. 
Diameter  of  round  iron  in  inches  squared  x 2-64  = lb.  per 
lineal  foot. 


Weights  of  various  metals , compared . 


Weight  of  wrought  iron  X 

X 

X 

X 

X 

X 


•92  = weight  of  zinc. 


•93  = 

do. 

of  cast  iron. 

1-02  = 

do. 

of  stt  el. 

1-09  = 

do. 

of  brass. 

115  = 

do. 

of  copper. 

1-47  = 

do. 

of  lead. 
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Weight  of  a Lineal  foot  of  round  and  square  Bar  iron,  in  lb. 


Diameter  of 
side. 

Square 

bars. 

Round 

bars. 

i" 

0-209 

0164 

1 " 

0835 

0656 

i" 

1-879 

1-476 

i" 

3-34 

2-62 

i?" 

525 

4-09 

ir 

7-51 

5-90 

ir 

10-29 

803 

2" 

13*36 

10-49 

Weight  of  a Lineal  Foot  of  Bar  iron , 1 inch  thiclc. 


Breadth. 

lb.  per  foot. 

Breadth. 

/ 

lb.  per  foot. 

1 inch 

334 

2 inches  ... 

668 

H „ 

4-17 

3 „ 

10-02 

H „ 

5-00 

5 „ 

16-70 

i|  „ 

5-84 

6 „ 

20-05 

For  other  breadths  multiply  in  proportion. 


Weight  of  a square  foot  of  Wrought  Iron  'plates. 


Thickness. 

Weight. 

Thickness. 

Weight. 

INCHES. 

LB. 

INCHES. 

LB. 

-h  

2-5 

f 

25-0 

w 

50 

fl  

27-5 

A 

7'5 

3 

30-0 

* 

15-0 

ll  

325 

17-5 

7 

ii  

T«  

35-0 

k 

20-0 

37-5 

A 

22-5 

1 

40-0 

Weight  of  Angle  and  T Iron. 

Rule  for  calculating  weight  of  ordinary  angle  and  T iron. 

W — Weight  of  angle  iron  per  lineal  foot. 

B = Breadths  of  flanges  added  in  decimal  parts  of  a foot. 

T — Thickness  of  angle  iron  in  decimal  parts  of  a foot. 
w = Weight  of  iron  in  lb.  per  square  foot  of  the  thickness 
of  the  angle  iron. 

W = (B  — T)  x u>. 
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Weights  of  u (channel)  and  H iron  may  be  found  from  the 
tables  of  angle  and  T iron  in  the  following  manner,  provided 
the  web  and  tlanges  are  of  the  same  mean  thickness : — 

Let  the  number  in  the  side  column  of  the  tables  referred  to, 
equal  half  the  sum  of  the  depth  of  web,  and  breadth  of  both 
tlanges  ; then  twice  the  weight  corresponding  thereto  will  be  the 
weight  per  lineal  foot  according  to  the  thickness  of  the  channel 
or  H iron  required. 


Weights  of  Angle  and  T Iron  in  Ih.  per  lineal  foot. 


Breadths  of 
flanges  added 
(inches). 

Thickness  in  fractions  of  an  inch. 

Breadths  of 

flanges  added  j 
(inches). 

fs 

1 

1 

h 

f 

2 

1T3 

1-46 

1-76 

203 

2 

24 

1-21 

1-56 

1-89 

2-19 

... 

• • . 

• . . 

2 & 

2| 

1-29 

1-67 

202 

2-34 

. « • 

. . . 

2i 

2l 

1-37 

1-77 

2-15 

250 

> • • 

. . . 

2! 

2i 

1-45 

1-88 

2-28 

2-66 

301 

. . * 

• • 1 

2* 

1-52 

1-98 

241 

2-81 

319 

. • . 

• • « 

2£ 

2§ 

1-GO 

208 

2-54 

2-97 

337 

• • • 

2f 

1-68 

2-19 

2-67 

313 

3o5 

• * • 

• . • 

2| 

3 

1-76 

229 

280 

328 

374 

417 

3 

1-84 

2-40 

2-93 

3-44 

3-92 

4-37 

• • • 

3? 

3? 

1-91 

250 

306 

3-59 

410 

4-58 

• . • 

• • . 

31 

3$ 

1-99 

2-60 

319 

375 

4-28 

4-79 

• • • 

3| 

3i 

207 

271 

3-32 

3-91 

4-47 

500 

5-51 

3* 

3§ 

215 

281 

3-45 

40G 

465 

5-21 

5-74 

3£ 

3f 

223 

292 

3-58 

4-22 

483 

5-42 

5-98 

• . . 

3f 

3$ 

2-30 

302 

371 

438 

5-01 

563 

6-21 

3$ 

4 

2-38 

313 

384 

453 

520 

5-83 

6-45 

703 

4 

Weight  of  Nuts  and  Bolt  Heads  in  Ih. 


Diameter  of  bolt  in 
inches. 

f 

t 

f 

i 

i 

* 

1 

U 

If 

U 

2 

2f 

3 

Weight  of  hexagon  nut 
and  head. 

•017 

•057 

•135 

•2C1 

*45 

•72 

1-07 

2-09 

3'61 

57 

8 "56 

17 

23‘8 

Weight  of  square  nut 
and  head. 

•021 

•071 

•169 

•330 

•57 

•90 

1-35 

2-63 

4*55 

7-2 

10'8 

21 

36-4 

1)  = diameter  of  bolt  in  inches. 

W = weight  of  nut  and  head  in  lb. 

W = 1 *07  D')  for  hexagon  = 1*35  I)A  for  square. 
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Angles  of  Roofs. 


Proportion 
of  rise  to 
span. 

Angle. 

Slope. 

Proportion 
of  rise  to 
span. 

Angle. 

Slope. 

JL 

DEG.  IN. 
18  25 

3 to  1 

DEG.  IN. 

53  00 

£to  1 

1 ::: 

26 

35 

2 to  1 

| 

56  20 

§ to  1 

33 

42 

1£  to  1 

1 

63  30 

$ to  1 

* 

45 

00 

1 to  1 

* * ‘ 

... 

Load  on  roofs  exclusive  of  framing. 


Per  square  of 
100  supl.  feet. 


Lead  covering  weighs 

7 

Zinc 

Corrugated  iron 

3 

Slates  . . 

to  9 

Tiles  . . 

8 to  15 

Boarding,  £ thick 

*2* 

Boarding,  1£  thick  . . 

5 

Timber  framing  for  slated  or 

tiled  roofs  . . 

5 to  6 

Additional  load  for  pressure 

of  wind 

36 

Steepest  angle'of  Gothic  roofs. 


Minimum 

slope. 

DEO. 

4 

4 

4 

25£  to  30 
26£  to  30 
25 


60 


Pressure  of  icind  on  roofs  ( Unwin). 

a = Angle  of  surface  of  roof  with  direction  of  wind. 

F = Force  of  wind  in  lb.  per  square  foot. 

A = Pressure  normal  to  surface  of  roof  = F.  sin.  a l-84  cos.  a — 1. 

H — Pressure  perpendicular  to  direction  of  wrind  = F.  cot.  a sin.  a 1'84 

cos.  a. 

C = Pressure  parallel  to  direction  of  -wind  = F.  sin.  a l-84  cos.  a. 


Angle  of  roof  = a- 

5° 

o 

o 

i-H 

1 

20° 

30c 

o 

o 

V 

50c 

60° 

70° 

oo 

o 

o 

90° 

A = F X 

•125 

•24 

•45 

•66 

•83 

•95 

1-00 

1-02 

1-01 

1-00 

B = F X 

•122 

•24 

•42 

•57 

•64 

•61 

•50 

•35 

•17 

•oo 

C = F X 

•01 

•04 

•15 

•33 

•53 

CO 

•85 

•96 

•99 

1-00 

^ u 
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Birmingham  and  Imperial  Standard  Wire  Gauges. 

These  are  well-known  gauges  which  are  used  in  measuring 
the  thickness  of  sheet  metals,  diameter  of  wire,  &c.  The  equiva- 
lent inches  are  as  follows  : — 


Birmingham  wire 
gauge. 

Imperial  standard 
wire  gauge. 

Size. 

Inches. 

Size. 

Inches. 

7/0 

•500 

M. 

... 

6/0 

•464 

... 

... 

5/0 

•432 

0000 

*4o4 

4/0 

•400 

000 

*425 

8/0 

•872 

00 

•380 

2 0 

•348 

0 

•340 

1/0 

•324 

1 

•300 

1 

•300 

2 

•284 

2 

•276 

3 

•259 

3 

•252 

4 

•238 

4 

•232 

5 

•220 

5 

•212 

6 

•203 

6 

•192 

7 

•180 

7 

•176 

8 

•165 

8 

•160 

9 

•148 

9 

•144 

10 

•134 

10 

•128 

11 

•120 

11 

•116 

12 

•109 

12 

•104 

13 

095 

13 

•092 

14 

•083 

14 

•080 

15 

072 

15 

■072 

16 

•065 

16 

•064 

17 

•058 

17 

•056 

18 

•049 

18 

•048 

19 

•042 

19 

•040 

20 

•035 

20 

036 

21 

•032 

. • • 

• • . 

22 

028 

... 

23 

•025 

24 

•022 

... 

... 

Safe  load  on  chains. 

— diameter  in  eighths  of  an  inch. 

= safe  load  in  tons. 

= xT9W 

= 5!  = 71 1 1 d,2  where  d = diameter  of  iron  in  inches. 
9 
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Table  of  working  Load  ( Tons ) of  chains. 


Diameter1  in  inches  . . . 

1 

4 

1 0 

1 

_2- 
1 0 

* 

_a. 
1 0 

* 

JUL 

10 

3 

4 

Load 

•4d 

•70 

1-0 

1-36 

178 

2-25 

to 

*<r 

00 

336 

40 

Diameter  in  inches 

X 51 
1 0 

i 

• 1£ 
i 1 0 

1 

i£ 

li 

12. 

J 8 

1* 

III 

A4 

Load 

4-69 

5'44 

625 

7-11 

9-0 

] 1 11 

13-44 

100 

2178 

Safe  working  loads  for  Hemp  Ropes. 


Circumference  of  rope. 

Safe  working  load. 

TONS.  CWT.  QR8. 

1 inch 

0 13 

2 inches  ... 

0 7 0 

3 ” 

0 16  0 

4 



18  2 

5 

o ,, 

2 4 2 

G „ 

3 4 0 

Average  Evaporative  Power  of  Fuel. 


lbs.  of 
water  eva- 
porated. 

Relative 

values. 

Relative 

amounts. 

1 lb.  of  coke  ... 

9 

1 

1 

,,  coal  ... 

9 

1 

1 

„ slack  ... 

4 

"44 

225 

,,  oak,  dry 

0-50 

2 

».  pine 

2* 

0-27 

4 

,,  casuarina,  dry 

2£ 

0'27 

4 

>i  Go.  green 

H 

0-17 

6 
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CENTRIFUGAL  pumps. 


Lable  of  deliveries  with  approximate  horse  powers. 


Bore  of  pump  and 
diameter  of  suction 
and  Discharge  pipes. 

Gallons  of  water") 
discharged  per  > 

minute.  ) 

Approximate  Nominal 
H.  P.  required  for 
each  foot  of  Lift. 

4* 

200 

to 

300 

•08 

mil 

o 

350 

to 

500 

15 

6" 

500 

to 

750 

•25 

7* 

700 

to 

1,000 

•30 

8" 

900 

to 

1,300 

•35 

9" 

1,150 

to 

1,600 

45 

10" 

1,600 

to 

2,200 

65 

12" 

2,000 

to 

3,000 

•90 

Bore  of  pump  and 

14" 

15" 

16" 

18" 

20" 

22" 

24" 

diameter  of  suction 

and  Discharge  pipes. 

Gallons  of  water 

2,800 

3,000 

3,500 

4,500 

6,000 

7,000 

8,500 

discharged  per  > 

to 

to 

to 

;to 

to 

to 

to 

minute.  ' 

4,000 

5,500 

5,300 

6,600 

8,200 

10,000 

12,000 

Approximate  Nominal 

1- 

2 

1-3 

1-5 

1-8 

2 

3 

3 

H.  P.  required  for 

each  foot  of  Lift. 
* 

Note.  —The  powers  above  given  are  for  discharging  the  minimum  quan 
tities  when  working  average  lifts. 


Useful  Memoranda  for  Hydraulic  Calculations. 


LB. 


1 cubic  foot  of  water  = 62-425  = -028  tons. 


1 cubic  inch 
1 gallon 
1 cubic  foot 
1 cwt.  of  water 
1 ton  of  water 


- 0-03612 

= 10  lb.  = 016  c.  ft. 

= 6-24  gallons  (say  6£). 
= 1-8  eft.  = 11-2  gallons 

— 35-9  eft.  = 224  gallons. 


II  p — pressure  in  lb.  per  square  inch  and  11  = head  of 
M-ater  in  feet,  then  P = HX'  4335  and  II  = Px  2307. 

Pressure  per  square  foot  = Hx62  4. 

1 cubic  foot  of  sea  water  = 64- 11  lb. 

3 z 
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Weight  of  sea  water  as  compared  with  fresh  water  is  as 
1-027  to  1. 


Rainfall  and  Evaporation. 

Inches  of  rainfall  x 2,323,200  = cubic  feet  per  square  mile. 
Do.  X 14£  = millions  of  gallons  per 

square  mile. 

Do.  X 3,630  = cubic  feet  per  acre. 

Average  fall  in  India  on  plains  . . 50  to  70  inches. 

Do.  on  hills  ..  130  to  190  ,, 

Greatest  evaporation  in  India  in  24  hours  . . -56  inches. 
Average  do.  do.  do.  . . “22  ,, 

Contents  of  a reservoir  = approximately  surface  area  X f 
greatest  depth. 


Natural  slopes 

of  Earths 

DEG. 

Gravel,  average 

, . 40 

Dry  sand 

. . 38 

Sand 

. . 22 

Vegetable  earth 

. . 28 

Compact  earth  . . 

. . 50 

(with  Horizontal  Line). 

DEG. 

Shingle  . . . . . . 39 

Rubble  . . . . . . 45 

Clay,  well  drained  . . 45 

Clay,  wet  . . . . 16 


Proportions  of  Mortar , Cement , Sfc. 

Mortar  or  chunam  1 lime  to  2 or  3 of  sharp  river  sand. 
Concrete  ,,  1 lime,  4 gravel,  2 sand. 

Cement  ,,  1 sand,  1 cement  or  1 sand,  3 cement. 


Plastering. 

12  lb,  whiting,  £lb.  blue  black,  If  gallons  of  size  are  required 
for  100  yards  superficial  ‘ once’  done  ; 21  lb.  of  whiting,  £ lb. 
blue  black,  2£  gallons  of  size  if  ‘ twice  ’ done. 


Thickness  of 

compo  : £ in. 

| in. 

I in. 

1 bushel  of  cement  will  cover  2£  yds. 

H yds. 

yds. 

1 Do. 

do.  and  1 of  sand  4£  ,, 

3 „ 

2b 

) t 

1 Do. 

do.  and  2 of  sand  6f  ,, 

H „ 

f y 

1 Do. 

do.  and  3 of  sand  9 ,, 

6 „ 

4b 

) > 

f inch  is  the  usual  thickness. 


1 cubic  yard  of  chalk  lime,  2 yards  of  road  drift  or  sand,  and 
3 bushels  of  hair  will  cover  75  yards  sup.  render  and  set  on  brick, 
or  70  yards  on  lath. 

Floated  work  will  require  about  the  same  as  2 coats  and  set. 
1 cask  of  Portland  cement  holds  about  4 cubic  feet, 
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Asphalts  Flooring. 

1 inch  thick  requires  per  superficial  feet  12£  lb.  asphalte. 
i Do.  do.  9§  do. 

£ Do.  do.  6^  do. 


Plvmbing. 


The  Thickness  of  Lead. 


Weight  in  lb. 
per  foot 
superficial. 

Thickness  in 
inches. 

Weight  in  lb. 
per  foot 
superficial. 

Thickness  in 
inches. 

1 

0-017 

7 

0-118 

9 

0034 

8 

0135 

3 

0051 

9 

0152 

4 

0068 

10 

0169 

5 

0-085 

11 

0-186 

6 

0T01 

12 

0-203 

The  weights  recommended  are  as  follows  : — 

Roofs,  flats,  and  main  gutters 
Hips,  ridges  and  small  gutters  . . 
Flashings 

Cisterns  and  sinks,  bottoms 
Cisterns  and  sinks,  sides  . . 

Soil  pipes 


7 lb. lead. 


6 

5 

7 

6 

8 


)) 
1 1 
> > 
y y 
y y 


Lead  pipes — weight  per  foot  run  = 3-8834  D! — D'2,  D and 
D'  being  the  external  and  internal  diameter  in  inches. 


Painting. 

1 gallon  of  mixture  or  6 pints  of  raw  linseed  oil,  1 pint  boiled 
oil,  1 pint  of  turpentine,  requires  from  12  to  14  lb.  of  dry  paint. 
These  propoitions  vary  according  to  circumstances. 

A gallon  will  cover — 
on  stone  or  bricks  about 
on  wood  . . • ■ • • • • < 

on  well-painted  surface  or  iron  . . 
one  gallon  of  tar,  first  coat 

do.  do.  second  coat  . . , 


SQUARES. 

2-25  to  2-70 
4-50  to  6-30 
7-20 
108 
1-44 
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WEIGHTS  AND  MEASURES. 

Southern  India. 


lb. 

oz. 

drms. 

180  grains  == 

1 tola  = 

0 

0 

658 

30  tolas  = 

1 pollum  = 

0 

i 

375 

40  pollums  — 

1 viss  = 

3 

i 

5-94 

8 viss  = 

1 maund  = 

24 

10 

15-00 

1 candy  = 

20  maunds  = 

500 

0 

0 

1 Mysore  candy 

= 

560 

0 

0 

Avoirdupois  Weight. 


' 1 

French  Grammes. 

16  drama.  = 

1 oz.  = 

2835 

16  oz.  = 

1 lb.  = 

453-59 

28  lb.  = 

1 qr.  = 

12,700 

4 qr.  = 

1 cwt.  = 

50,802 

20  cwt.  = 

1 ton  = 

1,016,048 

Troy  Weight. 


French  Grammes. 

24  grains  = 

20  dwt.  = 

12  oz.  = 

175  lb.  troy  = 

lb.  avoirdupois  X 

lb.  troy  X 

1 dwt.  = 

1 oz.  = 

1 lb.  = 

144  lb. avoirdupois. 
•82286  = 

1-2153  = 

1-55 

3110 

373-242 

lb.  troy. 

lb.  avoirdupois. 

Long  Measure. 


Metres. 

12  inches  = 

3 feet  = 

220  yards  = 

8 furlongs  = 

1 foot  = 

1 yard  = 

1 furlong  = 

1 mile  = 

0254 

•9144 

201-16 

1609-315 
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Square  Measure. 


— 

Square  Metres. 

144  square  inches  = 

9 square  feet  = 

30J  square  yards  = 

40  perches  = 

4 roods  = 

10  square  chains  = 

1 square  mile  = 

1 acre  = 

1 square  foot  = 

1 square  yard  = 

1 perch  = 

1 rood  = 

1 acre  = 

1 acre 
640  acres. 

43,560  square  feet 

•0929 

•8361 

25-292 

1011-7 

40467 

South  Indian  Measures. 


1 ground  = 

2,400  square  feet. 

24  grounds  = 

1 cawnie  = 57,600  square  feet. 

1 cawnie  = 

1322  acres. 

Surveying  Measure. 


100  links  = 

1 chain. 

1 chain  = 

66  feet. 

10  chains  = 

1 furlong. 

1 mile  = 

5,280  feet. 

Measures  oj  Capacity. 

1 gallon  =16  cubic  feet  = 10  lb. 

Cubic  feet  X 6-24  25  = gallons. 

1 bushel  = 2218' 19  cubic  inch  =128  cubic  feet. 
Cubic  feet  x -78=  1 bushel. 

1 parah  = 4,000  cubic  inches  (South  India). 


Metrical  System  compared  witii  English  Measures. 


Long  Measure. 


Metres. 

Feet. 

Millimetre  ...  ...  •••  •••  • • 

‘001 

•00328 

Centimetre 

•01 

•03280 

Decimetre 

•10 

•32809 

Metre 

100 

32809 

Decametre 

io-o 

32809 

Hectometre 

100 

32809 

Kilometre  

1000 

3280-9 
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Solid  Measure. 


Cubic  Metre. 

Cubic  Inches. 

Millistre 

•001 

61-028 

Centistere 

01 

610-28 

Decistere 

•1 

6102-8 

Stere 

1 

61028-0 

Cubic  yards,  j 

Decastere 

10 

13-08 

Hectostere 

10-0 

130-802  , 

Weights. 


Grammes. 

Avoirdupois, 

ounces. 

Avoirdupois,  i 
lb. 

Milligramme 

•001 

Centigramme  ... 

•01 

... 

... 

Decigramme 

•1 

. . . 

... 

Gramme 

1 

•035 

•0022  | 

Decagramme 

10 

•35 

•022 

Hectrogramme 

100 

3-527 

•22046  | 

Kilogramme 

1000 

35-2739 

2-2046 

Dry  and  Fluid  Measure. 


Litre. 

Inches. 

Feet. 

Gallons. 

Millitre 

•001 

•061 

•00022 

Centilitre  ... 

•01 

■61 

• • • 

•0022 

Decilitre  ... 

1 

6-1 

•022 

Litre  ...  ...  ... 

1-0 

61-02 

0353 

•22 

Decalitre  ... 

10 

610-28 

•353 

2-2 

Hectolitre  ... 

100 

3-53 

22 

Kilolitre  ... 

1000 

35-317 

220 

Note. — A litre  = a cubic  decimetre. 
A kilolitre  = a cubic  metre. 


Mensuration  of  Sur  faces. 

Area  of  a triangle  = base  x £ perpendicular. 

Do.  circle  = diameter2  x ’7854. 

Sector  of  circle  = length  of  arc  x £ radius. 
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Mensuration  o f Solids. 

area  of  one  end  X length. 
diameter3  X *5236. 

area  of  base  x i the  perpendicular 
height. 

area  of  base  x £ the  perpendi- 
cular height. 

Timber  Measuring . 

G-  = i girth  of  tree  or  log  at  middle  in  feet, 
g = i do.  do.  end  do. 

g1=  i do.  do.  other  end  in  feet. 

L = length  of  log  in  feet. 

C __  cubic  contents  of  log  in  feet. 

C = L ^±g±£)* 

3 

Casks. 

D ,d  = inside  diameters  at  heads  in  inches. 

M = do.  at  the  bung  in  inches. 

L = length  in  inches. 

The  capacity  in  Imperial  gallons  = -0014162  L (D  d + M2). 

Properties  of  the  Circle. 

Diameter  X 3-14159  = circumference. 

Diameter  X -886226  = side  of  a square  of  equal 

area. 

Diameter2  X -7854  = area  of  circle. 

Radius  X 6-28318  = circumference. 

Circumfer- 
ence X '31831  = diameter. 

Circumference  = 3-5449  \f  area  of  circle. 

Diameter  =11 183  area  of  circle. 

Degrees  in  arc  whose  length  = radius=57-29578° 


Cylinder  = 

Sphere  = 

Cone  or  pyramid  = 

Wedge  = 


GLOSSARY  OF  SANITARY,  ENGINEERING 
AND  INDIAN  TERMS. 


A 

Abscissa.— One  of  the  elements  of  reference  by  which  a point 
of  a curve  is  referred  to  a system  of  fixed  rectilineal  co- 
ordinate axes. 

Acetate. — Any  salt  formed  by  the  union  of  acetic  acid  with  a 
salifiable  base. 

Acid. — A substauco  having  the  properties  of  combining  with 
alkalies  and  alkaline  oxides  and  of  reddening  most  blue 
vegetable  colours  and  usually  of  a strong  sharp  taste. 

Aggregate. — A mass  composed  of  a mixture  of  stone  and  gravel 
or  sand,  &e. 

Air  valve. — A valve  to  allow  the  exit  of  air  from  pipes. 

Albumen. — A substance  existing  nearly  pure  in  the  white  of  an 
egg  and  its  chief  component. 

Algae. — A division  of  cryptogramie  plants. 

Alkali.  — One  of  a class  of  caustic  bases  which  is  soluble  in 
water  or  alcohol,  unites  with  oil  and  fats  to  form  soaps, 
neutralises  and  chang- s reddened  litmus  to  blue. 

A'mmonia. — A volatilo  alkali. 

Anemometer. — An  instrument  with  which  the  velocity  of  cur- 
rents of  air  is  measured. 

Anicut.  — A weir  or  dam  across  a river  or  stream. 

Artesian  wells.— Springs  obtained  by  boring  through  imper- 
meable strata  into  lower  strata  which  contain  water. 

Ashlar.—  Stone  dressed  and  cut  to  definite  sizes. 

AsrnALTE. — A substance  derived  from  bituminous  limestone. 

B 

Bacilli. — Rod  shaped  pathogenic  micro-organisms  to  which  the 
term  * bacteria’  was  originally  applied. 

Bacteria. — A generic  term  including  all  pathogenic  micro-orga- 
nisms. 

Ballapum.  —Soap  stone  ; steatite. 

Beds. — The  horizontal  courses  of  a wall : the  undersides  of  any 
particular  stones. 

Bengal  roof.— A sloping  terraced  roof. 

Bibulous.— The  character  of  a porous  absorbent  body. 

Bifurcate. — To  divide  into  two  branches. 

A A 
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Biggah. — A land  meaiuxe  ; the  third  part  of  an  acre. 

Bind,  to.— To  cement  together. 

Bond. — The  method  of  building  in  which  all  portions  of  a wall 
are  tied  together. 

Branch. — A term  applied  to  a pipe  haying  another  issuing  from 
it ; a T pipe. 

Brand. — A mark  ; a trade  mark. 

Bratties. — Cake*  made  from  cowdung  and  straw,  for  fuel. 

Briquette. — A small  brick ; a term  usually  applied  to  test 
bricks. 

Bushel. — A dry  measure  containing  8 gallons  or  1 *28  cubic 
feet. 

Bustee. — A native  village  (in  Bengal)  ; aparcherry  (in  Madras) 
where  persons  of  the  lower  castes  live;  a collection  of  huts. 

BAV.G, — Birmingham  wire  gauge  (see  appendix). 

c 

Calingulah, — The  surplus  weir  of  a tank. 

Carbolic  acid. — A substance  obtained  by  the  distillation  of  coal- 
tar  and  used  as  a disinfectant — phenol. 

Carbon. — An  elementary  substance  forming  the  base  of  char- 
coal. 

Carbonic  acid. — An  acid  containing  one  part  of  carbon  and  two 
parts  of  oxygen. 

Carbonate. — A salt  formed  by  the  union  of  carbonic  acid  witli 
a base. 

Carbonic. — Pertaining  to  carbon. 

Carbonization. — Act  of  converting  into  carbon. 

Carburetted. — The  characteristic  of  a body  containing  carbon 
and  hydrogen. 

Carrier.— A term  applied  to  the  distributing  drains  in  sewage 
farms. 

Centigrade  scale. — A thermometric  scale  in  which  the  freezing 
point  is  0°  and  tho  boiling  point  1"0°. 

Chlorate.— A salt  formed  by  the  union  of  chloric  acid  with  a 
base. 

CnLORiDE. — A compound  of  chlorine  with  another  element. 

Chlorine. — A constituent  of  common  salt. 

Chunam. — Lime  made  from  shells  ; mortar  made  with  such  lime. 

Chun  am  borders. — Strips  of  mortar  laid  over  roofs  to  keep  the 
tiles  in  place. 

Cleat. — A piece  of  wood  to  belay  ropes  to. 

Cock. — A plug  valve. 

Collar. — A sleeve  ; a short  piece  of  pipe  passed  over  the  spigot 
ends  of  two  other  pipes  to  form  a joint. 

Compound. — The  land  attached  to  a dwelling  house. 

Concrete. — An  artificial  mixture  of  stone  and  mortar. 

Conduit.— An  artificial  passage  for  the  flow  of  water;  a large 
pipe  usually  of  masonry,  a canal,  &c. 
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Conglomerate. — A term  applied  to  a natural  stone  consisting 
of  debris  connected  together  by  some  cementing  material. 

Coolie. — A labourer. 

Corrugated  iron’. — Iron  rolled  so  as  to  present  in  section  ridges 
and  valleys. 

Course. — A layer  of  bricks  or  stones  in  a building. 

Crown. — The  highest  portion  of  an  arch. 

Cuddapait  stones  or  slabs. — A slate  stono  found  in  the  Cudda- 
pah  District. 

D 

Dead  end. — The  end  of  a pipe  unconnected  with  any  other  pipe. 

Deodorizatiox. — Depriving  of  odour  from  impurities. 

Derrick. — A mast  supported  by  guys  ; a crane. 

Dhobie. — A washerman. 

Discharge  cock. — A cock  or  valve  at  the  end  of  a pipe. 

Distillation. — The  process  by  which  the  volatile  portion  of  a 
body  is  separated  and  condensed. 

Drain. — A small  sewer,  a channel. 

Drowned  weir. — A weir  at  which  the  level  of  the  water  which 
has  passed  the  weir  remains  above  the  level  of  the  top  of 
tho  weir. 


E 

Endemic. — Peculiar  to  a district  or  people  and  always  present. 

Endogenous. — Increasing  by  internal  growth  and  elongation 
at  summit. 

Enteric  fever. — A specific  zymotic  fever. 

Entozoa. — Intestinal  worms. 

Entozoic. — A term  given  to  diseases  produced  by  entozoa. 

Epidemic. — Affecting  a whole  community  or  many  people  at  one 
time,  a disease  which  appears  at  intervals  as  opposed  to  one 
which  is  endemic  or  always  present. 

Eurasian. — A half-caste  or  person  with  mixed  European  and 
Indian  blood. 

Exogenous. —(Trowing  by  addition  to  the  outside  of  the  wood. 

F 

Earenheit  scale. — A thermometric  scale  in  which  the  boiling 
point  is  212°  and  the  freezing  point  32°. 

Faucet. — That  portion  of  a pipe  into  which  an  adjoining  pipe 
is  entered. 

Fireclay. — A kind  of  clay,  chiefly  pure  silicate  of  alumina, 
capable  of  sustaining  great  heat. 

Firecock. — A cock  to  which  a hose  can  be  affixed  in  order  to 
obtain  water  in  case  of  fire,  &c.  ; a hydrant. 

Flanged. — Having  a projecting  rim  for  attachment  to  some- 
thing else. 
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Footings.— Steppings  ; the  widening  out  of  a wull  at  the  found- 
ation. • •ill 

Fbrrocyanide. — A compound  of  ferrocyanic  acid  and  a base. 

G 

Gable. — Tlie  triangular  portion  of  an  exterior  wall  of  a build- 
ing above  the  level  of  the  top  of  the  side  walls  and  below' 
the  slopes  of  the  roof. 

Galvanized. — Coated  with  zinc. 

Gauge. — A fixed  measure  ; a framo  giving  the  sectional  outline 
of  a p rtion  of  a structure  or  mass  of  materials. 

Ghee.  - Clarified  butter. 

Gradient. — A regular  slope  ; the  degree  of  slope. 

gramme. — bee  page  546. 

Gravity. — Weight ; the  result  of  the  attraction  of  the  earth. 

Gravity,  specific. —The  relative  weight  of  a body  as  compared 
with  that  of  an  equal  volume  of  water. 

Gravitation. — The  action  exercised  by  the  power  of  gravity. 

Grid. — A grating. 

Gdano. — Excrement,  of  sea-fowls. 

Gully. — A pit  for  arresting  solid  matter  and  preventing  it  enter- 
ing sewers  ; a cess  pit. 

Gullie. — A narrow  lane. 

Gutter. — A side  drain. 

H 

Hallalcore. — Nightmen  or  scavengers  of  BomlmjL 

Head. — The  pressure  at  any  particular  point  in  a closed  conduit. 

Hir  roof. —A  roof  formed  by  equally  inclined  plaucs  at  the 
ends  and  sides. 

Hogshead. — 52£  imperial  gallons;  half-a-pipe. 

H.  1J. — Horse-power;  a term  used  in  connection  with  engines 
and  machines  as  showingtheir  powers  in  relation  to  the  work 
of  a horso.  Ono  horse-power  is  supposed  to  be  equal  to 
33,000  lb.  raised  ono  foot  in  one  minute  (vide  pages  324 
and  325). 

Hydraulics. — Tho  science  relating  to  fluids  in  motion. 

Hydraulic  mean  depth.— See  page  270. 

Hydrant. — A water  plug  ; a firecock. 

Hygibne. — Tho  science  of  health. 

I 

Incineration.  To  reduce  to  ashes. 

Invert.— An  inverted  arch  in  a position  such  as  the  floor  of  a 
culvert,  &c. 

Iodide. — The  chemical  combinatb  n of  iodine  and  oxygen. 

Iodine. — A simple  chemical  body  found  mostly  in  combination 
4vith  potassium  and  soda. 
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•Jelly. — Broken  stones,  bricks,  &c. 

L 

Lamp-hole. — An  inspection  shaft  over  sewers  down  which  n 
lamp  may  bo  lowered. 

Laterite. — A ferruginous  conglomerate. 

Lkef. — To  plaster  with  clay  and  cowdung. 

Litmus. — A colouring  mattor  prepared  from  lichens. 

Litmus  paper. — An  unsized  paper  prepared  with  litmus  for  use 
as  a chomical  tost.  Bluo  litmus  paper  turns  red  with  an 
acid.  Red  litmus  paper  bluo  with  nn  alkali. 

Litre. — See  page  546. 

Logarithm. — One  of  a series  of  numbers  increasing  in  arith- 
metical progression  representing  a series  increasing  in 
geometrical  progression  and  used  to  facilitate  mathematical 
calculations.  . 

Lucerne. — A grass  used  for  fodder. 

LYMrii. — The  watery  part  of  the  puss  or  virus  used  in  vacci- 
nation. 

M 

Manhole. — A shaft  for  entry  to  a sewer  and  for  ventilation. 

Mehter. — A sweeper;  a scavenger. 

Mesttes. — Tho  spaces  between  the  threads  in  a net  or  wires 
in  a screen. 

Meter. — An  instrument  for  measuring  the  quantity  of  fluid 
or  *gas  passing  through  it. 

Millegramme. — See  page  546. 

Mofussil. — Outside  tho  Presidency  town ; the  country  con- 
trasted with  tho  town. 

Mussuck. — A bag  formed  from  a whole  sheep’s  or  goat’s  skin 
in  which  tho  Mahomedan  water-carrier  carries  water. 

N 

Nalla  or  Nulla.— A stream  or  creek. 

Needle.— A beam  inserted  through  a wall  to  support  a portion 
of  it. 

Nitric  acid. — An  acid  composed  of  nitrogen  and  oxygen  (vide 
page  20). 

Nitrite. — A salt  formed  by  tho  combination  of  nitric  acid  with 
a salifiable  base. 

Nitrates. — Formed  from  nitrites  by  exposing  tho  former  to  a 
high  temperature  and  expelling  a portion  of  the  oxygen  of 
the  nitric  acid. 

Nitrogen.— A gaseous  clement  without  taste,  odour  or  colour 
and  forming  four-fifths  of  common  air. 
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Nitrogenous — Containing  nitrogen. 

Nozzle. — A contracted  orifice  at  tho  end  of  a pipe  or  hose. 

0 

Ophthalmia. — Iniiammation  of  the  membranes  of  the  eye. 

Ordinate. — The  distance  of  any  point  in  a curve  measured  on 
a line  called  tho  axis  of  ordinates  from  another  line  called 
the  axis  of  abscissas. 

Outfall.' — The  point  where  sewers  empty  themselves  ; the  end 
of  a sewer. 

Oxidize. — The  process  by  which  metals  are  converted  into 
oxides  by  combination  with  oxygen. 

Oxygen. — An  elementary  body  forming,  as  a gas,  21  per  cent, 
by  volume  of  the  atmosphere. 

P 

Paddy. — Tho  rice-plant,  rice  before  being  husked. 

Parah. — A measure  containing  4,000  cubic  inches. 

Parcherry. — A bustee  ; a collection  of  huts. 

Pari  An. — An  out-caste  ; the  lowest  caste  among  the  Hindus. 

Pent-roof. — See  page  203. 

Peon. — A messenger  ; an  office  porter  ; a gangsman  over  coolies. 

Phosphuretted. — Combined  with  phosphorus. 

Pipes,  Socket. — Ordinary  plain  pipes. 

Pipes,  Turned  and  Bored. — Pipes  having  tho  spigot  end  turned 
and  the  socket  or  faucet  end  bored. 

Poling  Board. — Boards  used  in  fixing  the  levels  of  the'  inter- 
mediate points  on  lines  of  works. 

Potassium. — A soft  bluish  white  lustrous  metal  having  a strong- 
affinity  for  oxygen. 

Poudrette. — A fertilizing  mixture-made  from  oxcreta  dried  and 
mixed  with  earth,  lime,  &c. 

Pucka. — Well  built  ; built  with  bricks  and  mortar. 

Pug  mill.— A mill  for  preparing  clay  for  brick  making. 

R 

Radiate. — To  proceed  in  lines  diverging  from  a centre. 

Radius. — The  line  drawn  from  the  centre  of  a circle  to  anj*  point 
on  tho  circumference. 

Reamur. — A thermometric  scale  in  which  the'  freezing  point  is 
marked  o°  and  the  boling  point  80°. 

Retaining  wall. — A wall  which  supports  a mass  of  earth  or 
\tater. 

Rubble.— Stones  of  uneven  size  and  shape  used  in  undressed 
masonry. 

Ryot,— A peasant ; a cultivator  j a tenant. 
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S 

Saddle. — See  plate  facing  page  362. 

Sad. — To  bencl  ^ to  arch  downwards. 

Scantling. — A piece  of  timber  cut  to  a small  size,  such  as  rafters, 
purlins,  &c. 

Service  pipe. — A pipe  set  apart  for  the  use  of  a particular  house 
or  block  of  houses. 

Sewer. — A main  drain. 

Siiastras. — The  books  of  the  Hindu  sacred  law. 

Silica. — Ono  of  the  primitive  earths,  occurring  nearly  pure  in 
flint,  rock  crystal,  quartz,  &c. 

Silicon. — The  base  of  Silica. 

Sluice  valve. — A valve  to  regulate  the  supply  through  a pipe 
or  stop  it. 

Soap-stone. — Steatite  ; a mineral  of  the  magnesium  family. 

Socket. — That  portion  of  a pipe  into  which  the  spigot  of  another 
pipe  is  inserted. 

Socket  riPE. — A pipe  with  a plain  socket  not  bored. 

Soorken  i --Bride8  pounded  into  powder. 

Span. — The  horizontal  distance  from  one  support  to  another. 

Spigot. — That  portion  of  a pipe  which  outers  the  faucet  or  socket 
portion  of  an  adjoining  one. 

Steinino. — The  brick-lining-  of  a well  or  shaft. 

Stoneware. — Potter’s  ware  of  a coarse  kind  glazed  and  burned. 

Strata. — The  various  layers  of  matter  forming  the  crust  of  the 
earth. 

Strut. — A piece  of  timber,  iron,  steel,  &c.,  in  compression. 

Sulphate. — A salt  formed  by  sulphuric  acid  in  combination 
with  any  base. 

Sulphuretted. — Having  sulphur  in  combination.  ' 

Sulphurous. — Containing  sulphur. 

Syphon.— A bent  tube  for  drawing  off  liquids  from  one  vessel 
or  partition  to  another. 

T 

Tank.— A reservoir  or  artificial  lake  of  any  size.* 

Tap.— A discharge  cock. 

Taper. — A pipe  of  less  diameter  at  one  end  than  the  other. 

Taps  and  dies. — Tools  used  in  screw  cutting. 

Tee. — A rectangular  branch  pipe. 

Template. — A plate  of  wood  or  iron  cut  to  the  cross  section  of 
a moulding,  or  other  feature  of  a work. 

Terkaced. — A term  applied  to  flat  roofs  formed  with  layers  of 
bricks  and  concrete. 

Texture. — The  disposition  of  the  fibres  of  a body. 

Trap  (Rock). — A basaltic  rock.  . The  name  trap  is  given  on 
account  of  the  stair-like  appearance  of  the  strata  when 
exposed,  from  trappa  (Saxon)  a stair. 
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Trap. — A contrivance  used  for  preventing  gas  from  passing  from 
one  sewer  to  another,  or  from  a sewer  into  a house  or  the 
open  air. 

Trellis  work. — Net  work  ; lattice  work. 

Truss. — A framed  structure  used  in  supporting  roofs. 

Tubercle. — The  deposit  which  accompanies  scrofula  or  phthisis. 

Turned  and  bored  pipes. — Pipes  which  have  their  spigot  ends 
turned  and  the  inside  of  their  faucet  ends  bored  so  as  to 
fit  accurately  when  put  together  ; in  contradistinction  to 
socket  pipes  which  are  pipes  with  plain  joints  requiring  to 
be  fixed  with  lead. 

Typhoid  fever. — A zymotic  fever. 

Tyre. — Curds. 


u 

Underpinning. — Building  under  existing  work. 

w 

Water  meter. — An  instrument  for  measuring  the  consumption 
of  water. 

Weir. — A calingulali  or  anicut ; a wall  over  which  water  es- 
capes. 

Wire  gauge. — A standard  by  which  the  thickness  of  wire  is 
measured. 


z 

Zymotic. — The  name  of  a class  of  diseases  pertaining  to,  or  pro- 
pagated by,  fermentation,  such  ns  cholera,  typhus,  typhoid. 
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